The Parasite Fauna of the Wreckfish, Polyprion americanus, in the North Atlantic Ocean: Application to Host Biology and Stock Identification by Fennessy, Colleen Jill
W&M ScholarWorks 
Dissertations, Theses, and Masters Projects Theses, Dissertations, & Master Projects 
1998 
The Parasite Fauna of the Wreckfish, Polyprion americanus, in the 
North Atlantic Ocean: Application to Host Biology and Stock 
Identification 
Colleen Jill Fennessy 
College of William and Mary - Virginia Institute of Marine Science 
Follow this and additional works at: https://scholarworks.wm.edu/etd 
 Part of the Fresh Water Studies Commons, Marine Biology Commons, Oceanography Commons, and 
the Parasitology Commons 
Recommended Citation 
Fennessy, Colleen Jill, "The Parasite Fauna of the Wreckfish, Polyprion americanus, in the North Atlantic 
Ocean: Application to Host Biology and Stock Identification" (1998). Dissertations, Theses, and Masters 
Projects. Paper 1539617972. 
https://dx.doi.org/doi:10.25773/v5-20yb-nh15 
This Thesis is brought to you for free and open access by the Theses, Dissertations, & Master Projects at W&M 
ScholarWorks. It has been accepted for inclusion in Dissertations, Theses, and Masters Projects by an authorized 
administrator of W&M ScholarWorks. For more information, please contact scholarworks@wm.edu. 
THE PARASITE FAUNA OF THE WRECKHSH, POLYPRION AMERICANUS, 
IN THE NORTH ATLANTIC OCEAN: APPLICATION TO 
HOST BIOLOGY AND STOCK IDENTIFICATION
A Thesis 
Presented to 
The Faculty of the School of Marine Science 
The College of William and Mary
In Partial Fulfillment 
Of the Requirements for the Degree of 
Master of Arts
by
Colleen J. Fennessy 
1998
APPROVAL SHEET
This thesis is submitted in partial fulfillment of 
the requirements for the degree of
Master o f Science
Colleen Jill Fennessy
Approved, December 1998
olfgrnlg K. Vogelbein lefmey D. Shields
Committee Co-Chairman Committee Co-Chairman
Eugene M. Burreson, Ph.D. 
Mark R. Collins, Ph.D.
ohn p. Graves, Ph.D.
/ f
7  ^   ..... ^ -------
George R. Sedberry, Ph.D.
To my parents 
You always knew I could do it.
Table of Contents
Page
ACKNOWLEDGMENTS.........................................................................................................v
FUNDING................................................................................................................................. vi
LIST OF TABLES....................................................................................................................vii
LIST OF FIGURES................................................................................................................ viii
ABSTRACT.............................................................................................................................. ix
INTRODUCTION......................................................................................................................2
Wreckfish Biology and Management..........................................................................2
The Use of Parasites as Biological Tags.....................................................................8
Project Goals and Objectives.....................................................................................14
METHODS................................................................................................................................15
Sample Acquisition..................................................................................................... 15
Necropsy Protocol......................................................................................................16
Parasite Identification.................................................................................................19
Data Analysis.........................   19
RESULTS................................................................................................................................. 23
Sample Composition.................................   23
The Parasite Fauna.....................................................................................................29
Analysis of Tags........................................................................................................35
DISCUSSION........................................................................................................................48
Stock Structure..........................................................................................................48
Host Biology............................................................................................................. 53
Recommendations.....................................................................................................55
Summary....................................................................................................................56
APPENDIX I ...........................................................................  57
APPENDIX II...........................................................................................................................59
LITERATURE CITED............................................................................................................ 66
VITA..........................................................................................................................................75
ACKNOWLEDGMENTS
Dr. John Merriner, NMFS, is credited for initiating this project, and is I am 
grateful to him and Wolfgang Vogelbein for providing me with an exceptionally 
challenging and exciting research experience. The support, patience, and guidance of my 
major professors, Wolfgang Vogelbein and Jeffrey Shields, is also much appreciated.
I would also like to acknowledge the contributions of the other members of my 
advisory committee, Dr. Eugene Burreson, Dr. Mark Collins, Dr. John Graves, and Dr. 
George Sedberry, for their scientific expertise and academic advice.
Collections from the Blake Plateau were made possible by the MARMAP lab in 
Charleston, who generously allowed us to use their lab space, and arranged wreckfish 
purchases. David Wyanski’s kindness and expertise in wreckfish reproduction and 
biology and histological analysis of reproductive samples are much appreciated.
Collections from the Azores were made possible by assistance of the faculty, 
staff, and students of the University of the Azores, Department of Oceanography and 
Fisheries, in particular, Gui Menezes, Helen Martins, and Felipe Porteiro.
I would like to thank Scott Van Sant and Angela Canha, who assisted necropsies. 
Their hard work and friendship are appreciated.
Many experts in parasite systematics were consulted for their assistance in 
identifications, including David Zwemer at VIMS, Ron Campbell at the University of 
Massachusetts in Dartmouth, Frantisek Moravec at the Czech. Academy of Sciences, 
Hisao Arai at the Pacific Biological Station, and the staff of the United States National 
Parasite collection, who very generously shared their expertise and lab space for a month, 
including Ralph Lichtenfels, Judy Holland, Pat Pilitt, Eric Hoberg, and Art Abrams. Pat 
Pilitt’s knowledge of nematode taxonomy was invaluable.
Many people at the Virginia Institute of Marine Science were called upon for their 
expertise and willingness to help, including Bob Diaz, the library staff, Phyllis Howard, 
Shirley Sterling, Brett Falterman, Louise Lawson, Pat Blake, and Patrice Mason. Former 
VIMS doctoral student Lance Garrison was an enormous help in multivariate statistics.
And finally, I would like to thank my family, and the friends who have been like 
family to me when my own was so far away. Lisa Calvo, Gillian Drabble, Lisa Lawrence, 
Christine Scanlon, Bernice Sullivan, and Melinda Wood helped me more than they know. 
And finally, Jeff Brust, who was a constant source of encouragement and inspiration 
throughout the course of this project. In spite of his living 200 miles away for the last 
two years, he was always there when I needed him. Jeff did everything from cutting up 
fish in the middle of the night, to re-running SAS programs multiple times, to providing 
editorial comments regardless of whether I would reward him by not speaking to him for 
hours. I will always be grateful for his friendship and love.
v
FUNDING
Funding for the first two collections in the Blake Plateau, and the first collection 
in the Azores, was provided John Merriner, National Marine Fisheries Service. Funding 
for the second trip to the Azores and financial support for the author for the final six 
months of the study was provided by Marine Fisheries Initiative, Award Number 
NA77FF0545, to Wolfgang K. Vogelbein and the author. Financial support for the 
author was provided by a VIMS Graduate Fellowship for three years. Funding for travel 
for the MARFIN meeting was provided by VIMS Graduate Student Association, and 
William and Mary Student Activities Fund.
List of Tables
Table Page
1. List of parasite species collected...........................................................................31
2. Descriptive statistics of parasites........................................................................34
3. A, B. Rating of Species for Tag Criteria............................................................ 36
4. Results of Fisher’s Exact Test and Breslow-Day Test...................................... 38
5. Results of logit analysis........................................................................................45
6. Parasites previously recorded from Polyprion spp........................................... 52
List of Figures
Figure Page
1. Distribution map of Polyprion americanus, showing study sites...............................3
2. Length/weight relationship of wreckfish samples......................................................24
3. Length frequency distribution of wreckfish samples.................................................25
4. Age frequency distribution of wreckfish samples......................................................26
5. Maturity of wreckfish samples.....................................................................................27
6. A, B. Sex frequency distribution of wreckfish samples........................................... 28
7. Results of rarefaction analysis.....................................................................................30
8. Prevalence of parasite tags in sub-adult and adult wreckfish..................................... 39
viii
ABSTRACT
The wreckfish, Polyprion americanus, is a globally distributed, deep-water teleost 
that supports valuable commercial fisheries in the eastern and western North Atlantic 
Ocean, including the Blake Plateau, U.S.A. and the Azores Islands, Portugal. 
Clarifications of life history information and stock structure in the North Atlantic are 
research priorities for the Blake Plateau wreckfish fishery. The parasite fauna of 
wreckfish was examined to provide a comprehensive list of the common parasites of 
wreckfish in the North Atlantic, and to evaluate the utility of those parasites as biological 
tags to study wreckfish biology and stock structure.
Twenty-six species of parasites were collected from 77 wreckfish from the Blake 
Plateau, U.S.A. and 38 wreckfish from the Azores Islands, Portugal. The list of species 
includes one Copepoda, one Isopoda, two Monogenea, six Digenea, four Cestoda, nine 
Nematoda, and three Acanthocephala. Parasites ranged in maturity from larva to adult, 
and utilized a variety of internal and external sites on the host.
Parasite species were evaluated for their utility as tags based on prevalence, 
longevity, host-specificity, and lifecycle. The copepod Jusheyus shogunus, the 
monogenes Calicobenedenia polyprioni and Allocotylophora polyprionum, the digene 
Neolepidapedon polyprioni, the cestodes Tentacularia coryphaenae and Grillotia sp., the 
nematodes Cucullanus sp., Hysterothylacium sp.2, Anisakis simplex, and Anisakis 
physeteris, and the acanthocephalans cf. Rhadinorhynchus and Bolbosoma vasculosum 
exhibited utility as tags.
The parasite assemblage supports evidence that the diet of wreckfish in the North 
Atlantic includes polychaetes, gastropods, crustaceans, and fishes, and suggests that 
predators might include elasmobranchs and toothed whales. Differences in prevalence of 
parasites between sub-adult and adult wreckfish suggest an ontogenetic shift in diet.
Differences in the prevalence of six parasites in the Blake Plateau and the Azores, 
Calicobenedenia polyprioni, N. polyprioni, T. coryphaenae, Cucullanus sp., 
Hysterothylacium sp., and cf. Rhadinorhynchus suggest that the wreckfish populations 
exploited by the Azores fishery and the Blake Plateau fishery have limited interaction. 
However, there is evidence supporting the recruitment of wreckfish to the Blake Plateau 
from other populations in the North Atlantic, including one parasite species, the 
acanthocephalan, cf. Rhadinorhynchus. Although the stock structure of wreckfish in the 
North Atlantic remains unresolved, results of this and other studies suggests that some 
exchange is occurring between the Blake Plateau and other fisheries.
THE PARASITE FAUNA OF THE WRECKFISH, POLYPRION AMERICANUS, 
IN THE NORTH ATLANTIC OCEAN; APPLICATION TO 
HOST BIOLOGY AND STOCK IDENTIFICATION
INTRODUCTION
Wreckfish Biology and Management
The wreckfish, Polyprion americanus (Bloch and Schneider 1801), is a large, 
deep water grouper-like fish classified within the family Polyprionidae (Johnson 1984, 
Roberts 1986, Heemstra 1986). Currently the genus Polyprion contains two species, P. 
americanus and P. oxygeneios. In the past, Polyprion has been classified variously in the 
families Serranidae (Boulenger 1895, Wheeler 1969, cited in Roberts 1989), 
Epinephelidae (e.g. Jordan 1923, Whitley 1968, cited in Roberts 1989), and 
Percichthyidae (Gosline 1966, cited in Roberts 1986), among several others (see Roberts 
1986).
Wreckfish have a world-wide distribution, having been reported from subtropical
and temperate regions of the Mediterranean, Atlantic, south Indian, and southwest Pacific
Oceans (Figure 1). In the southwest Pacific, wreckfish are found in New Zealand and
southern Australia, and nearby banks (Sedberry et al. 1996). Wreckfish occur in the
southern Indian Ocean at St. Paul and Amsterdam Islands (Duhamel 1989, Sedberry et al.
1994). The distribution of Polyprion americanus in the Atlantic includes the far North
Atlantic (Glukhov and Zaferman 1982), the mid-Atlantic ridge (Ryall and Hargrave
1984), the Northeastern Atlantic and Mediterranean (Hureau and Mo nod 1973), and the
western Atlantic (Schroeder 1930, Sedberry et al. 1994). They are also caught
sporadically off southern Africa from the Cape of Good Hope to Natal (Heemstra 1986).
Populations of wreckfish in the Eastern Atlantic support fisheries in the Mediterranean,
the Azores, Madeira (Anonymous 1994), and the Canary Islands. Juvenile wreckfish
occur rarely in Scandinavian waters (Schroeder 1930), whereas large numbers of
2
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juveniles have been caught off the south and west coasts of Great Britain. Juveniles 
(from 457 to 812 mm) also occur in Irish waters to a depth of 90 m (Roberts 1977). A 
population of schooling adults has been observed on the mid-Atlantic Ridge (Ryall and 
Hargrave 1984). In the western Atlantic, the species is thought to be distributed in low 
abundance from the Grand Banks off Nova Scotia to Argentina (Bigelow and Schroeder 
1953, Gilhen 1986, Anonymous 1995a). In 1987, however, a large aggregation of 
wreckfish was discovered on the Blake Plateau, which is located off the southeastern 
U.S.A.
Relatively little is known of the life history of the wreckfish. Adults inhabit deep
seamounts, rocky ledges and wrecks of the continental shelf and nearby banks
(Anonymous 1995b, Sedberry et al. 1996). Eggs and larvae are pelagic, and juveniles are
found near the surface, frequently associated with floating debris. The length/age at
which they descend in the water column is not known (Sedberry et al. 1994), however it
is thought that juveniles undergo a habitat shift to the lOO-lOOOm demersal zone when
they approach 300 mm total length they (Roberts 1986). A 490 mm wreckfish tagged at
the surface was recaptured at the bottom at about 250 m depth, and a length of 500 mm
(Sedberry et al. in press). Wreckfish in the North Atlantic reach sexual maturity at 750
mm total length for males and 825 mm total length for females (David Wyanski, personal
communication). Adult wreckfish can reach 2.7 m in total length (Smith and Smith
1965) and 100 kg in weight (Roberts 1989), although wreckfish of this size are extremely
rare in the North Atlantic. Wreckfish are primary gonochorists (Roberts 1989).
Spawning is known to occur in the Pacific during winter months, in the Mediterranean
from January to April, and on the Blake Plateau from December to mid-April (Wyanski
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1994, Lythgoe and Lythgoe 1992). Adults are predatory (Ryall and Hargrave 1984), and 
feed on fish, Crustacea, and mo Husks (Lythgoe and Lythgoe 1992).
Wreckfish occur in low abundance and are part of a mixed fishery over much of 
their range. Recreational fisheries exist in some areas (Anonymous 1995b). Commercial 
fisheries have existed in the Mediterranean, Madeira, Azores, Canary Islands, Bermuda, 
and New Zealand, however the Bermuda fishery is no longer active. Combined landings 
in Europe and Africa have averaged one million pounds per year since 1975 (Anonymous 
1994). The commercial fishery on the Blake Plateau is unique in that it is the only 
directed wreckfish fishery in the world (Sedberry et al. in press). Fishing effort has 
concentrated around the Charleston Bump, an area of the Blake Plateau with high relief 
(50-100 m) at a depth of 450-600 m (Sedberry et al. 1994). This bottom topography 
causes a deflection in the Gulf Stream with resulting upwelling (Brooks and Bane 1978, 
cited in Sedberry 1995). This area is currently the only known spawning ground for 
wreckfish in the North Atlantic Ocean (Sedberry 1995). Most boats operating in the 
Blake Plateau fishery currently work out of Charleston, South Carolina and Jacksonville, 
Florida. Catch increased from 617,662 pounds in 1988 to over 4,000,000 pounds in 
1989. Total catch was stable at about 1,200,000 pounds from the 1992-93 season to the 
1996 season, when a decline to less than 500,000 pounds was observed (Sedberry et al. in 
press).
The rapid development of the wreckfish fishery off the southeastern U.S. has led
to concern among fisherman, scientists and fishery managers that rapidly escalating
fishing pressures could result in a decline of this fishery resource if left unmanaged. As a
result, the South Atlantic Fishery Management Council’s Snapper Grouper Assessment
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Group, Wreckfish Assessment Group (SGAG) has developed conservative management 
guidelines and defined a total allowable catch (TAC) for this fishery. A TAC of 2 
million pounds has been in effect since 1990 and remains in effect for the 1997-98 
fishing season. An Individual Transferable Quota system (ITQ) is presently used. 
Fishermen are shareholders and are allotted portions of the TAC that they may sell or 
trade. Wreckfish are sold only to dealers; shareholders and dealers are required to submit 
catch and sales records. The fishery is closed from January 14 to April 15 during the 
peak spawning period (Wyanski 1994).
Little is known about the movement and dispersal of wreckfish in the North 
Atlantic. The only known large spawning aggregations are in the Mediterranean and on 
the Blake Plateau (Sedberry et al. 1996). The wreckfish catch in the Blake Plateau 
consists primarily of large, mature fish, with wreckfish less than 850 mm TL representing 
less than 5% of the reported catch (Wyanski pers. com.). Dispersal of young fish 
originating from the spawning grounds on the Blake Plateau is hypothesized to be 
passive, with larvae and juveniles transported by the Gulf Stream to the eastern Atlantic 
(Sedberry et al. 1996). In the eastern Atlantic, the catch is dominated by immature 
pelagic and demersal wreckfish. The fishery in the Azores exploits a population of 
smaller, immature fish relative to the Blake Plateau fishery (Sedberry et al. 1996). It is 
hypothesized that immature fish in the eastern Atlantic may either become demersal and 
migrate, or are carried passively by surface currents, across the Atlantic to the Blake 
Plateau, where they mature and spawn (Sedberry et al. 1996).
Although the TAC is set annually for the U.S. wreckfish fishery, the plan assumes
that the stock sustains fishing pressure from only the small fleet of vessels operating on
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the Blake Plateau. This concerns scientists and fishery managers because evidence 
suggests that wreckfish in the entire North Atlantic Ocean comprise a single stock, and 
there are no management measures governing fisheries in other portions of the North 
Atlantic Ocean. Sedberry et al. (1996) recently provided the first direct evidence that 
populations of wreckfish in the North Atlantic are part of a single stock. Mitochondrial 
DNA (mtDNA) analyses of wreckfish suggested no stock separation between eastern 
(Azores, Majorca, Madeira, Mediterranean), and western North Atlantic (Blake Plateau) 
wreckfish. If there is a single North Atlantic stock, then the current TAC that assumes 
that fishing pressures are exerted only by the U.S. fleet, and ignores impacts of fisheries 
in the eastern Atlantic, may not be accurate. Further, since wreckfish are not fully 
recruited to the Blake Plateau until age 10-11 (Anonymous 1995a), reductions in stock 
size resulting from overfishing may lag by a decade or more and may not become 
apparent until it is too late to implement stricter guidelines. Thus, there are uncertainties 
about the combined impacts of the American and European fisheries on North Atlantic 
wreckfish.
Because of the continuing uncertainties regarding stock structure and movements,
and the need to resolve whether the assumption of a single North Atlantic wreckfish stock
is correct, clarification of dispersal, migration patterns, and stock identity remain research
priorities (Anonymous 1995a, MARFIN RFP 1997). Additional genomic analyses of
wreckfish tissues from the North Atlantic and other regions of the global distribution are
in progress (Sedberry, pers. com.). Tagging studies of juvenile pelagic fish are underway
in the eastern Atlantic (Sedberry, pers. com.). These studies may help to delineate stock
boundaries, define residence time in fishing areas, clarify migrations of juveniles and
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adults, and identify time of recruitment to the adult demersal form. Unfortunately, 
methods for stock identification provide varying levels of resolution, and results can be 
inconsistent. To obtain the most accurate definition of stock structure, it is preferable to 
use a variety of methods and interpret the results carefully. This study examined the use 
of parasites as biological tags to study wreckfish biology and stock structure in the North 
Atlantic.
The Use of Parasites as Biological Tags
The use of parasites as biological tags is an accepted method for studying 
movements, stock composition, and other aspects of fish biology. This approach can be 
used to complement the more traditional methods of separating fish stocks, such as 
morphometries, mechanical tagging studies, and genetic analyses, or can be used in their 
place when such methods are impractical or inconclusive. The use of parasites as 
biological tags is based on specific aspects of the host-parasite interaction. Parasitic 
infections often persist in fish for extended periods of time; hence, fish that acquire 
parasites as larvae or juveniles may carry them through adulthood. Also, the distribution 
of parasites varies geographically, so parasites can reflect the environments that the fish 
inhabited at different points in their lifetime. There are two critical advantages to using 
parasites as tags of host stock structure: parasites are often highly effective for detecting 
mass migration of the fish host, and the data are generally less expensive to obtain than 
conventional mechanical tags, since fish need to be caught only once (Lester 1990).
If North Atlantic wreckfish constitute a single stock, as proposed by Sedberry et
al. (1996), then there should be evidence of movement of juvenile wreckfish from the
eastern Atlantic to the Blake Plateau. An effective technique for detecting this migration
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is needed. Juvenile pelagic wreckfish are extremely difficult to collect live (G.F. Ulrich 
and J.L. Carlin, South Carolina Department of Marine Resources, pers. com.), and adults 
are killed when brought to the surface. Further, mechanical tags have a very low return 
rate, while samples for parasitological examination are comparatively inexpensive and 
easy to obtain. The parasite fauna of wreckfish in the North Atlantic may reveal 
information about their biology and movements, and ultimately complement data from 
artificial tags and mtDNA analysis.
The concept of using parasites as biological indicators is now a well-established
technique. The origin of the idea has been attributed to Von Ihering (1902), who
suggested that parasites could be used to study the zoogeography of their hosts, since
parasites of related hosts are also related. Dogiel and Bykhovsky (1939) were among the
first to use parasites specifically as indicators of host biology. Based on differences in
parasite fauna, these authors were able to discriminate stocks of sturgeon, Acipenser
stellatus, in the Caspian Sea. Margolis (1956, 1957, 1965), Kabata (1959, 1963), and
Sindermann (1957, 1961a, 1961b) brought the use of parasites as biological tags into
mainstream usage. Margolis (1956) used parasite data to study migration of Pacific
salmon, Oncorhynchus spp., and later Margolis (1957) showed how parasites could be
used to study food and feeding habits, associations with free-living fauna, distribution,
homing migration, and evolution of fish. Kabata (1959) examined the myxosporea found
in gall bladder of whiting, Merlangius merlangus, in the North Sea and, in a subsequent
publication, Kabata (1963) was able to distinguish discrete stocks and an intermediate
mixing zone between them based on differences in prevalence of two species of parasitic
myxozoan. Sindermann (1957) studied the stock structure of redfish, Sciaenops
9
ocellatus, using parasites as biological tags. These initial studies, though somewhat 
crude, demonstrated the utility of parasitological data in studying fish populations and 
migration.
Recent studies have shown even more convincingly that parasite data can provide 
important insights into host biology. By examining the metazoan parasite fauna of 52 
species of deep-sea benthic fishes from the New York Bight, Campbell et al. (1980) 
distinguished changes in the helminth fauna of the rattail, Coryphaenoides armatus, 
during its life history that could be directly attributed to ontogenetic changes in diet. A 
review by Williams et al. (1992) lists many examples of the use of helminth parasites as 
biological indicators to study diet and feeding behavior. The use of parasites as tags has 
been applied to other deep-water fishes (see MacKenzie 1987, Szuks 1980, Zubchenko 
1981, 1984, 1985). This technique is particularly appropriate for deep-sea fishes in light 
of the additional expense of acquiring deep-sea samples and the fact that tag and 
recapture methods cannot be used. Lester et al. (1985) examined the parasite fauna of 
skipjack tuna, Katsuwonus pelamis, and although no discrete stocks could be discerned 
from the parasite data, migration patterns and age-related associations within the 
populations were elucidated. Tuna caught in the New Zealand fishery were found to 
have recently migrated from tropical waters based on the observation that ten of the 26 
parasite species were didymozoid trematodes, an almost exclusively tropical group.
Using the cestode Tentacularia coryphaenae, Lester et al. (1985) were also able to detect 
the age at which the fish were migrating and discovered that older fish were less 
migratory.
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For a fishery that exploits a spawning aggregation, the origin of the fish recruiting 
to the spawning grounds is of great interest. Knowledge of the migratory patterns, and 
particularly the recruitment of adult wreckfish to the Blake Plateau spawning ground, is 
valuable information for fishery managers. Parasites have been used as biological tags 
for studying recruitment migration. MacKenzie (1985) used three species of helminth 
parasites to follow recruitment migration of herring, Clupea harengus, from the nursery 
ground. In a similar study, Zubchenko (1985) examined the recruitment of rock 
grenadier, Coryphaenoides rupestris to spawning grounds in the North Atlantic.
The stock concept is fundamental to fisheries management. For the purposes of 
this study, the term “stock” will be defined as a group of fish that are more likely to breed 
among themselves than with another group of the same species. Interactions between 
stocks are of primary interest to managers. Fisheries biologists use evidence such as 
genetics, morphometries, and artificial tagging as indicators of the interactions between 
stocks. Just as fish from areas with frequent interaction or exchange will likely have 
similar genetic patterns and morphology, the parasite faunas will also be similar. 
Conversely, populations that are isolated will likely have differences in their parasite 
fauna. Kabata et al. (1988) used parasites to resolve stock composition of sablefish, 
Anoplopoma fimbria collected from 13 locations off the west coast of Canada. They 
distinguished two distinct groups of sablefish, one inhabiting the continental slope and 
one associated with offshore seamounts. Significant differences in the trematode fauna 
were due to the absence of two species of trematode, Stephanostomum califomicum  and 
Parahemiurus merus, from the fish inhabiting seamounts and the presence and high
prevalence of a third species, Lecithochirium exodicum, in fish on the seamounts.
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Lester et al. (1988) used parasites to investigate the stock composition of orange roughy, 
Hoplostethus atlanticus, from Australia and New Zealand. Orange roughy, like the 
wreckfish, is a deep-sea fish. The inherent dilemma of how to catch and release deep-sea 
fish likely influenced the authors’ decision to investigate parasites as biological tags, 
rather than the more conventional method of mechanical tagging. Like the wreckfish 
fishery on the Blake Plateau, the Australia and New Zealand orange roughy fishery 
exploits an aggregation of spawning fish (Lester et al. 1988). Fishing effort on the 
spawning aggregation may be of critical importance to the availability of fish in another 
area. A previous genetic analysis was unable to distinguish stocks of orange roughy from 
New Zealand and Australian waters (Smith 1986). The subsequent parasite analysis by 
Lester et al. (1988), however, found significant differences in the helminth fauna, 
suggesting that New Zealand fish are in fact a separate stock from the Australia fish 
(Lester et al. 1988). These findings were supported by evidence of depletion of the stock 
in one area that was not compensated for by movement from another area (Anonymous 
1988, cited in Lester 1990). This example illustrates the importance of using more than 
one approach to examine stock identity.
Various criteria for selection of parasite species as tags have been identified (e.g.
MacKenzie 1987 and Lester 1990), allowing parasites of diverse taxa to be used for stock
resolution (see Khan and Tuck 1995). The most important of these criteria is the
longevity of the parasite in the host (Lester 1990). That is, the life span of the parasite
must be quantifiable to some degree. Parasites having long lasting associations with the
host will can used to study extensive migration. The ideal tag would have a well
described distribution that could be used to determine what localities the fish must have
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inhabited to have encountered it, so ideally the source of the parasite would be 
identifiable and geographically restricted. The life cycle of the parasite should be 
known, and intermediate and definitive hosts identified, at least on a broad taxonomic 
level. The parasite should not alter host behavior. Pathological effects, such as scarring 
and encapsulation of dead worms can be useful, as can larval and newly encysted stages 
(Lester 1990). Ideally, seasonal and yearly fluctuations in prevalence should be 
accounted for, although using data from several parasite species simultaneously can 
minimize temporal variability (Lester 1990). While there are examples in the literature 
of studies in which stocks were distinguished from each other based on only one species 
of parasite (e.g. Leaman and Kabata 1987), analyzing the data of several parasite species 
at once is often more informative (Sindermann 1961a, Lester et al. 1985). Parasites that 
are easily detected and identified, have a high degree of site specificity, and that are 
found in the waste product of the fishery can be particularly useful for follow-up studies.
In summary, parasites have been used as effective and inexpensive biological tags 
to elucidate various aspects of host biology in fishes. Wreckfish populations in the 
eastern and western North Atlantic support valuable fisheries, which must be effectively 
managed to ensure a long-term, sustainable yield. Effective management of wreckfish 
fisheries in the North Atlantic requires additional life history information. Literature 
from other species of fishes, including commercially caught and deep-sea fish suggests 
that an analysis of the parasite fauna of wreckfish can provide information on diet, 
migration, and stock structure of the wreckfish populations in the North Atlantic.
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Project Goals and Objectives
The primary goals of this study were to provide a comprehensive list of the parasite 
fauna of the wreckfish, Polyprion americanus, in North Atlantic waters, and to identify 
parasites with potential as tags for use in studying wreckfish biology, migration and stock 
structure. These goals were addressed with the following objectives:
1. Identify the parasites of wreckfish (to genus or species) from the Blake Plateau, U.S. 
and from the Azores, Portugal.
2. Provide basic descriptive statistics of the parasite species.
3. From the parasites recovered, identify parasites with potential as tag.
4. Apply the information derived from parasites to predator-prey interactions of 
wreckfish.
5. Apply the information derived from tags for resolution of stock structure.
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METHODS
Sample acquisition:
Samples from the western Atlantic Ocean were obtained from the Blake Plateau,
U.S.A. (Figure 1). Samples from the eastern Atlantic were obtained from the Azores
Islands, Portugal. Wreckfish from the Blake Plateau were purchased from wreckfish
dealers in Charleston, South Carolina where the fish were landed. Wreckfish from the
Azores were purchased from fish auction houses on the islands of Faial, Flores, Sao
Miguel, and Terceira.
Fish were collected during four sampling periods, two in the Blake Plateau and
two in the Azores. A total of 117 wreckfish were collected, 77 from the Blake Plateau
and 38 from the Azores.
A relatively small number of fish was sampled for several reasons. As many as
20 person-hours per fish were required to process fresh, highly perishable fish samples;
costs involved in purchasing and shipping fish were high; and obtaining small fish from
the Blake Plateau and large fish from the Azores proved difficult. A minimum sample
size of 25 fish from each location was obtained. This sample size is optimal for observing
all but the rarest parasite species present in the population (Lotz and Font 1985, Lester
1990), and is sufficient for the statistical tests that were used. The total sample size was
115 fish; 77 from the Blake Plateau and 38 from the Azores.
Standard Measurements and Observations
Fish were stored on ice for no more than five days prior to necropsy. Standard
measurements (total, fork, and standard length, weight) were recorded. Age was
determined using a length at age key provided by Sedberry et al. (in press). Maturity was
15
evaluated based on total length for large fish and histological examination of gonads for 
small fish (D. Wyanski pers. com.). The sex of each fish was determined by gross 
observation of gonad morphology. For very small fish, sex was determined 
histologically (D. Wyanski pers. com.). Fish were then examined for internal and 
external metazoan parasites, and the site of infection was recorded. The first 10 fish in 
each collection were carefully examined for protozoan parasites, and none were 
observed. The examination of tissues for protozoans in subsequent necropsies was 
simplified to include only the gall bladder.
External Parasites
Skin, fins, eyes, mouth, and nasal passages were visually inspected for 
Monogenea and Copepoda. Gills were examined for Isopoda, Monogenea, and 
Copepoda under a dissecting microscope. When necessary, excessive amounts of mucus 
coating the gill filaments was gently scraped off and diluted in saline so that parasites 
could be more easily separated and recovered. All external parasites (including those on 
the gills) were collected. Fish were then eviscerated and the organs were separated and 
dissected.
Gut Parasites
The stomach, pyloric caecae, intestine, and swim bladder were opened and the
contents and mucosal surface carefully inspected for Digenea, Cestoda, Acanthocephala,
and Nematoda using a dissecting microscope. Helminth parasites encysted in the
stomach submucosa were sampled similarly to mesenteric helminths (see below). The
intestine was opened longitudinally and inspected. When the organs contained large
amounts of digested material, the contents were gently scraped from the gut wall and
16
diluted in saline to separate the helminths. The mucosa was then examined for any 
remaining attached and encysted helminths. All gut helminths, with the exception of 
Scolex polymorphus, were counted. Scolex polymorphus was recorded as present/absent. 
The taxon was not considered a potential tag (see Appendix 2), and counting individual 
worms was difficult because of their small size and high intensity. After a number of fish 
had been examined, the most common helminths were readily identified, counted, and 
their site of infection recorded. When the intensity (defined as number of individuals of a 
parasite in one fish) of a recognized species was high, individuals were not collected so 
as to expedite necropsies.
Encysted Parasites
The gall bladder, common bile duct, and mesenteries were opened and examined
with a dissecting microscope. Helminths were carefully dissected free of the
surrounding tissue. In some fish, the intensity of worms encysted in mesenteries was
extremely high. Collecting all of them was not possible because of the time required to
remove them from the layers of encapsulating mesenteric tissue. In these cases,
helminths were collected for 30 minutes per fish from various sites in the mesenteries,
organ capsules, and stomach submucosa. Hence, for all larval Nematoda, Cestoda, and
Acanthocephala, the values reported for intensity do not represent the actual number of
worms present in the fish. Only relative estimates of intensity were used. Solid
parenchymal organs (spleen, head and trunk kidney, liver, and gonad) were inspected
visually for encysted Cestoda, and Nematoda, then sliced into thin (1-cm) sections for
visual inspection. The heart and eyes were removed, cut open, and inspected under a
dissecting microscope. The flesh of a limited sample of fish was inspected visually for
17
parasites. Tissues exhibiting visible pathological alterations (associated with parasitic 
infection or not) were fixed in Bouin’s solution for later histopathological processing and 
evaluation.
Modified Methods for Some Azores Samples
The above methods were used on all fish collected from the Blake Plateau, and
the first 10 fish from each of the two collecting efforts in the Azores. In order to
minimize costs associated with working in the Azores, and maximize sample size, a
modified technique was used for subsequent necropsies. The gills and alimentary tract
were heat-treated and fixed whole according to the methods given in Sinclair and John
(1973), and modified by R. Palmer (Gulf Coast Research Laboratory, pers. com.). This
technique involved immersing whole organs in hot water (80 C) for one to five minutes
(depending on size of fish) to relax and kill the helminths. The tissue was then fixed and
stored in 10% formalin for shipment to the U.S. Upon arrival, tissues were rinsed and
stored in 70% ethanol until they could be examined.
Parasite Retrieval and Preservation:
Specific methods for killing, fixing and subsequent processing to whole mount
slides of the various parasite taxa followed standard methods defined by Dr. R.
Overstreet (pers. com.). Briefly, Nematoda were cleaned in saline, killed and
straightened for one to three minutes in glacial acetic acid, and fixed and stored in 95
parts 70% ethanol to 5 parts glycerine (95/5). Nematoda were mounted in glycerine or
glycerine jelly for identification. Larval Cestoda (metacestodes) were removed from
cysts as necessary, fixed for five to ten minutes in AFA (alcohol-formalin-acetic acid),
stored in 95/5, and mounted and stained with coelestin blue. Trypanorhynch Cestoda and
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Acanthocephala were immersed in distilled water prior to fixation to cause eversion of
tentacles and probosces to facilitate identification. Acanthocephala were fixed overnight
in AFA and stored in 95/5. Monogenea and Digenea were flattened on a slide, fixed
with steaming AFA until opaque, kept in AFA for one to three days, then stored in 95/5.
These helminths were mounted and stained using Van Cleave’s hematoxylin or coelestin
blue (Riser 1950). Isopoda and Copepoda were placed directly into 95/5 for storage and
identification.
Parasite Identification:
Parasites were identified to the lowest possible taxonomic level using the most
recent taxonomic classification systems. For preliminary identification of helminths
(Nematoda, Monogenea, Digenea) the Systema Helminthum was used (Yamaguti 1961).
Original descriptions were consulted as necessary. In cases where identification could
not be determined, systematic experts were consulted. The parasite collection of the
United States National Museum was used for comparative purposes, as was their
extensive library of parasite taxonomy.
Data Analyses:
Rarefaction Analysis
Since the number of fish collected in this study was relatively low, a rarefaction
analysis was used to determine whether enough fish were examined from both locations
to observe all the common parasites in those populations. When the sample size is very
small, almost every additional necropsy results in an additional parasite species being
found. However, as the sample size increases, new species are encountered much more
rarely. Plotting the total number of parasite species observed against number of hosts
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examined reveals the sample size at which accumulation of additional parasite species
decreases. Individual fish were randomly selected from the Azores sample in sample
sizes of 3, 5, 10, 15, 25, and 35, and from the Blake Plateau sample in sample sizes of 3,
5, 10, 25, 35, and 50. For each random sample there were five repetitions, or five
randomly selected groups of fish. The total number of parasite species encountered in
each sample was counted.
Descriptive Statistics and Relevant Parameters
Prevalence, intensity, and mean intensity were calculated as in Margolis et al.
(1982) using Excel. Briefly, prevalence is the number of individuals of a host species
infected with a particular parasite species divided by the number of fish examined.
Parasites with prevalence equal to or greater than 30% were considered core components
in the parasite fauna. Parasites with prevalence between 10 and 29% were considered
secondary. Parasites with prevalence less than 10% were considered rare. Mean
intensity is the total number of individuals of a particular parasite species in a sample of
fish divided by the number of infected fish in the sample. Intensity range is the range in
total number of individuals of a particular parasite species in infected fish. The response
variables for all statistical tests were prevalence or mean intensity. The explanatory
variables were location, length of fish (TL in mm), and sex. Location was either the
Blake Plateau or the Azores.
Selection of Tag Species:
All internal and external metazoan parasites from wreckfish collected in this study
were catalogued and considered as potential biological tags. The selection of parasite
species as tags was modified from the guidelines described by MacKenzie (1983). The
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following criteria were used: (1) the prevalence of the parasite in the parasite community 
(based on the higher prevalence in the Blake Plateau and Azores samples), (2) the 
longevity of the parasite in the host, (3) host specificity, and (4) parasite life cycle. In all 
cases, decisions on classification were conservative; failing to identify a potentially 
informative species as a tag was preferable to including an inappropriate species. The 
most common species were considered to have the greatest utility as tags, since they were 
readily detected in small sample sizes. Species with prevalence greater than 30% were 
considered to have excellent potential as tags; species with prevalence between 10% and 
29% were considered to have moderate potential as tags. Species with prevalence less 
than 10%, though considered by some to have good potential as tags (see Lester 1990), 
were considered poor because a limited sample size could fail to detect them. Longevity 
information was not available for all of the parasites recovered in this study, so 
classification was reduced to describing species as either “long-lived” or “unknown”. 
Parasites inhabiting the external surfaces (including those attached to the gills) and gut of 
the fish were considered to have “unknown” longevity. Long-lived species include 
parasites inhabiting the body cavity, organs, and mesenteric tissues. Species recorded 
only from species of Polyprion were considered to have high specificity. Species 
recorded from several teleost species were considered to have moderate specificity. 
Species known to occur in many other species in a broad taxonomic range were 
considered to have low specificity. Parasites with a direct life cycle were considered 
better tags than those requiring intermediate hosts, as distributions of the latter may be 
restricted by the distribution of intermediate hosts.
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Comparison between Locations
Simple species richness, defined as the number of species per host, and Jaccard’s 
Index of Similarity were used to compare parasite assemblages between locations. A 
two-sample t-test was used to compare the mean number of parasite species per host for 
the two locations. Fisher’s Exact Test was used to compare prevalence values between 
locations. This test is useful for data that have small and zero cell counts (Agresti 1990) 
and is also appropriate for large sample sizes (Stokes et al. 1995). Probability less than 
5% was considered significant for this and subsequent statistical analyses.
The Breslow-Day statistic (Breslow and Day 1980, cited in Stokes et al. 1995) 
was used to indicate whether the odds ratio between the two locations was the same in 
juvenile and mature fish for tag parasites. Classification of maturity for this analysis and 
the logit was based on fish length. Fish less than 800 mm TL were classified as juveniles 
and fish equal to or greater than 801 mm TL were classified as mature, based on the 
approximate length of maturity (D. Wyanski pers. com.).
In order to determine the effects locality, length, and sex of fish on the prevalence 
of parasites, a logit analysis using a generalized linear model was used (Johnson and 
Field 1993).
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RESULTS
Wreckfish Sample Composition
Obtaining sufficient numbers of similar-sized fish from the two locations was a 
priority in sampling. From July 1995 through January 1996, 51 wreckfish ranging from 
806-1210 mmTL were collected from the Blake Plateau (Figure 2). In June 1996, 25 
wreckfish ranging from 516-793 mm TL were collected from the Azores. The fish in 
these first collections were representative of the catch; large fish are more common in the 
Blake Plateau, whereas small fish are more common in the Azores. Since the size range 
of the Azores samples did not overlap that of Blake Plateau samples, a second sampling 
effort was made at each location to obtain fish of similar sizes. Between November 1996 
and January 1997, 26 wreckfish 625-864 mm TL were obtained from the Blake Plateau 
fishery. In September and October 1997, 13 wreckfish 588-1320 mm TL were obtained 
from the Azores.
Although the wreckfish in the Blake Plateau sample were larger, on average, than 
wreckfish from the Azores sample, the length frequency distributions of the samples from 
the two locations did overlap (Figure 3). Ages were estimated using total length 
according to the length at age key given in Sedberry et al. (in press), thus the age- 
frequency distribution mirrors that of length (Figure 4). The Blake Plateau sample 
consisted mainly of mature fish, whereas the Azores sample was mainly immature fish 
(Figure 5). Sex-frequency distributions of the samples indicated that female wreckfish 
collected in this study tended to be larger than males (Figure 6). There were more males
23
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than females in the Blake Plateau sample (43 compared to 34). The Azores sample 
contained equal numbers of males and females (18 of each). Note that the sex of two 
wreckfish from the Azores was not determined. These fish were excluded from analyses 
that considered sex as a factor.
Rarefaction analysis showed that for wreckfish samples from both the Blake 
Plateau and the Azores, the accumulation of additional parasite species approached an 
asymptote when the sample size reached approximately 25 fish (Figure 7). A sample size 
of 25 fish from each location was therefore sufficient to observe the common parasites, 
those that are the most as biological tags.
The Parasite Fauna
Twenty-six species of parasites were observed representing four phyla and seven 
major parasitic taxa, (Copepoda, Isopoda, Monogenea, Digenea, Cestoda, Nematoda, and 
Acanthocephala) (Table 1). The taxonomy of the parasites is given in Appendix I. 
Representative specimens of all species were deposited in the U.S. National 
Helminthological Collection (Table 1). Parasites ranged in maturity from larva to adult 
and used sites in the host including skin, gills, mouth, swim bladder, gut, mesenteric 
tissues, peritoneal cavity, and solid parenchymal organs (Table 1). Three hemiurid 
digenes could only be identified to family (Table 1). Hemiurid sp. 2 and Hemiurid sp. 3 
were not readily distinguished from one another, and the collection of additional 
specimens might reveal that they actually represent one species. These species were not 
included in the analyses. The nematode Terranova sp. was represented by a single 
specimen found in a single fish. This species was also excluded from the analyses.
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Comparison between Locations
Descriptive statistics for all parasite species, including prevalence, mean intensity, 
and intensity range, were calculated for the entire North Atlantic sample (115 fish), and 
the Blake Plateau and Azores subsamples (77 and 38 fish, respectively) (Table 2).
Twenty-one of the 26 species recorded were found in both the Blake Plateau and 
the Azores (Tables 1 and 2), resulting in a similarity of 80.8%. Twenty-six species of 
parasites were collected from the Blake Plateau, while 21 species were collected the 
Azores. Five parasites, Aega deshaysiana, Philometra sp., Contracaecum sp., Terranova 
sp., and Corynosoma sp., were only found in wreckfish from the Blake Plateau. The 
mean number of species per host was significantly higher for the Blake Plateau samples 
than for the Azores samples (6.61 vs. 3.76, respectively, p<0.0001). Greater species 
richness in the Blake Plateau wreckfish compared to Azores wreckfish is indicated by the 
greater number of parasite species collected, and also in the significantly larger mean 
number of parasite species per host. Most species exhibited a higher prevalence in 
samples from the Blake Plateau compared to the Azores. No species were unique to the 
Azores, but three species were more prevalent there, L. nipponicum, S. alberti, and cf. 
Rhadinorhynchus. Four species were more abundant in the Azores (abundance = 
prevalence x intensity), L. nipponicum, S. alberti, O. melanocephala, and cf. 
Rhadinorhynchus.
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TABLE 2. Descriptive Statistics of Parasites Observed In Wreckfish Collected From the 
North Atlantic.
Species Prevalence (%) Intensity: mean ( r a n g e )
Total BlakePlateau Azores Total Blake Plateau Azores
J. shogunus 36.5 46.7 15.8 4.73 (1-21) 4.47 (1-20) 6.33 (1-21)
A. deshaysiana 7.8 11.7 0 1.56(1-3) 1.56(1-3) 0
C. polyprioni 24.3 32.4 7.9 2.04 (1-10) 1.84(1-10) 3.67 (1-8)
A. polyprionum 10.4 11.7 7.9 1.17(1-3) 1.08(1-3) 1
N. polyprioni 60.0 76.6 26.3 11.59(1-100) 12.22 (1-100) 7.90 (1-21)
L. nipponicum 10.4 7.8 15.8 2.17(1-7) 1.67(1-3) 2.67 (1-7)
D. various 6.1 7.8 2.6 1 1 1
Hemiurid sp. 1 3.5 3.9 2.6 1 1 1
S. polymorphus 15.7 18.2 10.5 Na Na Na
T. coryphaenae 26.1 35.1 7.9 5.03 (1-24) 5.52 (1-24) 1
S. alberti 1.7 1.3 2.6 1 1 1
Grillotia sp. 50.4 57.1 36.8 5.26 (1-70) 6.05 (1-70) 2.79 (1-7)
Philometra sp. 4.3 6.5 0 2.20 (1-3) 2.20 (1-3) 0
0. melanocephala 13.9 14.3 13.2 1.31 (1-4) 1.09(1-2) 1.80(1-4)
Cucullanus sp. 46.1 63.6 10.5 6.43 (1-24) 6.10(1-24) 10.50(1-22)
Hysterothylacium sp. 1 7.8 10.4 2.6 6.22 (1-27) 6.88 (1-27) 1
Hysterothylacium sp.2 19.1 27.3 2.6 5.50 (1-46) 5.71 (1-46) 1
A. simplex 53.0 53.2 52.6 7.62 (1-58) 9.05 (1-58) 4.70 (1-27)
A. physeteris 44.3 53.2 26.3 5.71 (1-38) 6.59 (1-38) 2.10(1-10)
Contracaecum sp. 4.3 6.5 0 3.40 (1-7) 3.40 (1-7) 0
cf. Rhadinorhynchus 14.8 1.3 42.1 4.12(1-25) 1 10.56 (1-25)
B. vasculosum 87.0 89.6 81.6 6.82 (1-34) 7.65 (1-34) 4.97 (1-20)
Corynosoma sp. 1.7 2.6 0 2.00 (1-3) 2.00(1-3) 0
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Rating of Species for Tag Criteria
A rating system was developed to provide a quantitative estimate of how well 
each species fulfilled tag criteria (Table 3 a). Each criterion (prevalence, longevity, 
specificity, and life cycle) was weighted based on a subjective scale. Prevalence and 
longevity were considered the most important criteria, and were weighted on a scale of 
10. Prevalence over 30% was rated a ten, between 10% - 30% an eight, and less than 
10% a zero. Species were then assigned a score for longevity of five for unknowns (e.g. 
external parasites, gut parasites) or ten for long-lived (e.g. encysted larval cestodes, 
nematodes, and acanthocephalans). The importance of specificity and lifecycle in tag 
selection is not well established, and for this reason these criteria were weighted on scales 
of 3 and 2, respectively. Specificity scores were one for low specificity, two for 
moderate specificity, and three for high specificity. Life cycle scores were one for 
indirect life cycle and two for direct life cycle.
The sum of the four tag criteria was used as the estimate of overall suitability as a 
tag. Species with a sum greater than 17 (out of a possible 25) were considered to be 
highly suitable tags for examining stock structure of wreckfish in the North Atlantic. 
Twelve parasites, J. shogunus, C. polyprioni, Al. polyprionum, N. polyprioni, Cucullanus 
sp., Hysterothylacium sp. 2, An. simplex, An. physeteris, cf. Rhadinorhynchus, B. 
vasculosum, T. coryphaenae, and Grillotia sp. were selected as tags based on the sum 
score of tag criteria (“tag species”, Table 3 b). The remaining analyses were focused on 
these parasites.
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TABLE 3. Ratings of Parasite Species for Fulfillment of Tag Criteria, A) Key to 
Scoring, B) Scores of Parasite Species.
A)__________________________________________________________________
Criterion
Score
Excellent Moderate Unknown Poor(Maximum Score) (Minimum Score)
Prevalence (P) >30% = 10 10% < P > 29% = 8 <10% = 0
Longevity Long-Lived=10 Unknown=5
Specificity High=3 Moderate=2 Unknown=2 Low=l
Life Cycle Direct=2 Indirect=l
B)
Species ScorePrevalence Longevity Specificity Lifecycle Sum
J. shogunus 10 5 3 1 19
A. deshaysiana 8 5 1 2 16
C. polyprioni 10 5 3 2 20
A. polyprionum 8 5 3 2 18
N. polyprioni 10 5 3 1 19
L  nipponicum 8 5 2 1 16
D. varicus 0 5 1 1 7
Hemiurid sp.l 0 5 2 1 8
S. polymorphus 0 5 1 1 15
T. coryphaenae 10 10 1 1 22
S. alberti 0 5 1 1 7
Grillotia sp. 10 10 1 1 22
Philometra sp. 0 10 2 1 13
0. melanocephala 8 5 2 1 16
Cucullanus sp. 10 5 2 1 18
Hysterothylacium sp. 1 8 5 2 1 16
Hysterothylacium sp.2 8 10 2 1 21
A. simplex 10 10 1 1 22
A. physeteris 10 10 1 1 22
Contracaecum sp. 0 10 1 1 12
cf. Rhadinorhynchus 10 5 2 1 18
B. vasculosum 10 10 2 1 23
Corynosoma sp. 0 10 2 1 13
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Analysis o f  Tag Species
Eight of the twelve tag species had significantly different prevalences in the two 
locations according to Fisher’s Exact Test (Table 4). The prevalences of J. shogunus, C. 
polyprioni, N. polyprioni, T. coryphaenae, Grillotia sp., Cucullanus sp., and A. physeteris 
were significantly higher in the Blake Plateau. The prevalence of cf. Rhadinorhynchus 
was significantly higher in the Azores.
Since the wreckfish collected in the Blake Plateau tended to be larger and older 
than wreckfish collected in the Azores, it was necessary to determine whether the 
difference in prevalence between the two locations was merely a result of the difference 
in the ages of the fish. The Breslow-Day Tests indicated that for all tag species that 
showed significantly different prevalences in the two locations, the difference between 
the locations was consistent between the juvenile and adult wreckfish, with the single 
exception of cf. Rhadinorhynchus (Table 4). A graphical comparison of prevalences in 
the two locations for small and large wreckfish reveals the same pattern (Figure 8). 
Generally, prevalence was higher in the Blake Plateau than the Azores (with the 
exception of cf. Rhadinorhynchus) and higher in adults than juveniles. The parasite cf. 
Rhadinorhynchus had a higher prevalence in adults than juveniles in the Azores, however 
in the Blake Plateau, the prevalence in the juveniles was low, but the prevalence in adults 
was zero.
Factors Affecting the Prevalence of the Tag Parasites
For the logit analysis using the Generalized Linear Model, the assumption of
proportional odds was not significant for any tag parasites, indicating that the
proportional odds model is appropriate. The analysis using prevalence as the response
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TABLE 4. Results of Fisher’s Exact Test and Breslow-Day’s Test Parasites Collected 
from the Blake Plateau and Azores.
Fisher’s Exact Test Breslow-Day Statistic 
0 . for Prevalence Species
Probability Chi-Square DF Probability
J. shogunus 0.0011 0.062 0.803
C. polyprioni 0.0049 1.076 0.300
A. polyprionum 0.748 0.005 0.945
N. polyprioni <0.0001 0.512 0.474
T. coryphaenae 0.0015 1.536 0.215
Grillotia sp. 0.049 0.159 0.690
Cucullanus sp. < 0.0001 0.835 0.361
Hysterothylacium sp.2 0.054 0.090 0.764
A. simplex 1 4.374 0.036
A. physeteris 0.0091 0.159 0.691
cf. Rhadinorhynchus <0.0001 13.347 0.0001
B. vasculosum 0.249 3.795 0.051
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FIGURE 8. Prevalence of Parasites in sub-adult and adult 
wreckfish from the Blake Plateau and the Azores
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D) Neolepidapedon polyprioni
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variable modeled the probability that Location = Azores, Length = small, and Sex = male. 
The effect of Location on prevalence was significant for C. polyprioni, N. polyprioni, T. 
coryphaenae, Cucullanus sp., Hysterothylacium sp., and cf. Rhadinorhynchus (Table 5). 
Several parasites, C. polyprioni, N. polyprioni, T. coryphaenae, Cucullanus sp., 
Hysterothylacium sp. 2, had significantly higher prevalence in the Blake Plateau, whereas 
cf. Rhadinorhynchus had significantly higher prevalence in the Azores. The effect of 
Length on prevalence was significant for J. shogunus, N. polyprioni, Cucullanus sp., and 
cf. Rhadinorhynchus. All species had significantly higher prevalence in larger fish, 
however length was a minimal factor in separating fish between locations (Figure 8).
The prevalence of three species, C. polyprioni, T. coryphaenae, and Hysterothylacium sp. 
2, was significantly affected by location but not length. The effect of Sex on prevalence 
was not significant for any of the parasites examined.
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TABLE 5. Results from Logit Analysis of Parasites Using the General Linear Model, 
Prevalence Response.
A) Jusheyus shogunus
Variable ParameterEstimate SE P
Intercept 5.4851 1.4726 0.0002
Location -0.3663 0.6347 0.5639
Length -2.3008 0.7381 0.0018
Sex -0.1809 0.4437 0.6834
B) Calicobenedenia polyprioni
Variable ParameterEstimate SE P
Intercept 3.5934 1.4213 0.0115
Location -1.6325 0.7626 0.0323
Length -0.0329 0.6386 0.9589
Sex 0.3257 0.4715 0.4896
C) Allocotylophora polyprionum
Variable ParameterEstimate SE P
Intercept 2.1443 1.6309 0.1886
Location 0.0243 0.8839 0.9781
Length -0.5980 0.8905 0.5018
Sex 0.6861 0.6654 0.3025
D) Neolepidapedon polyprioni
Variable ParameterEstimate SE P
Intercept 5.9875 1.3561 0.0001
Location -1.4602 0.5870 0.0129
Length -1.9414 0.5622 0.0006
Sex -0.5370 0.5128 0.2950
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TABLE 6. Continued
E) Tentacularia coryphaenae
Variable ParameterEstimate SE P
Intercept 5.6661 1.7119 0.0009
Location -1.9313 0.8540 0.0237
Length -0.5242 0.6841 0.4435
Sex -0.1431 0.4684 0.7600
F) Grillotia sp.
Variable ParameterEstimate SE P
Intercept 1.7498 0.9784 0.0737
Location -0.3655 0.5236 0.4852
Length -0.8226 0.5255 0.1175
Sex 0.1517 0.4040 0.7073
G) Cucullanus sp.
Variable ParameterEstimate SE P
Intercept 11.1133 2.5439 0.0001
Location -1.7488 0.7423 0.0185
Length -3.6356 1.0726 0.0007
Sex -0.9470 0.5407 0.0799
HJ Hysterothylacium sp.2
Variable ParameterEstimate SE P
Intercept 7.2727 2.2546 0.0013
Location -3.2594 1.1653 0.0052
Length 0.9197 0.7089 0.1945
Sex -0.9852 0.5375 0.0668
46
TABLE 6. Continued
I) Anisakis simplex
Variable ParameterEstimate
SE P
Intercept 0.6344 0.9476 0.5032
Location 0.6593 0.5538 0.2339
Length -0.9223 0.5489 0.0939
Sex -0.2552 0.3967 0.5201
J) Anisakis physeteris
Variable ParameterEstimate SE P
Intercept 3.4658 1.0857 0.0014
Location -0.9210 0.5484 0.0931
Length -0.4134 0.5342 0.4390
Sex -0.6875 0.4125 0.0956
K) cf. Rhadinorynchus
Variable ParameterEstimate SE P
Intercept -2.5936 1.6434 0.1145
Location 5.4913 1.2987 0.0001
Length -2.1726 0.9459 0.0216
Sex 0.1022 0.7359 0.8895
L) Bolbosoma vasculosum
Variable ParameterEstimate SE P
Intercept -2.2470 1.4063 0.1101
Location -0.1930 0.7562 0.7986
Length -0.5176 0.7721 0.5027
Sex 0.9401 0.6213 0.1303
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DISCUSSION
Comparison between the Blake Plateau and the Azores
The parasite fauna of wreckfish from the Blake Plateau was richer than that of the 
Azores. The mean number of parasite species per host was also significantly higher in 
the Blake Plateau. The species that were unique to the Blake Plateau, A. deshaysiana, 
Philometra sp., Contracaecum sp., Terranova sp., and Corynosoma sp., were relatively 
rare, hence they did not constitute important components of the parasite community of 
wreckfish there.
Stock Structure
Twelve parasites showed some utility as tags (see Appendix 2 for details). These 
were J. shogunus, C. polyprioni, A. polyprioni, N. polyprioni, T. coryphaenae, Grillotia 
sp., Cucullanus sp., Hysterothylacium sp. 2, A. simplex, A. physeteris, cf. 
Rhadinorhynchus, and B. vasculosum. The prevalences of J. shogunus, Grillotia sp., and 
A. physeteris were significantly different in the two locations according to Fisher’s Exact 
Test, but subsequent Logit analysis indicated that the difference was due to the different 
length frequencies of the samples (see Figure 8, A, F, and J). For six tag species, C. 
polyprioni, N. polyprioni, T. coryphaenae, Cucullanus sp., Hysterothylacium sp. 2, and 
cf. Rhadinorhynchus, prevalence was significantly different in the two locations 
independent of fish length (Table 5, Figure 8, B, D, E, G, H, K). The prevalence of N. 
polyprioni, Cucullanus sp., and cf. Rhadinorhynchus was significantly higher in adult 
fish compared to juvenile fish (see Table 5 and Figure 8, D, G, and K), however the 
differences due to location are thought to be independent of length. Location but not 
length significantly affected the prevalence of three species, C. polyprioni, T.
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coryphaenae, and Hysterothylacium sp. 2. Each of these species scored highly in the tag 
rating (20, 22, and 21, respectively out of a possible 25), and is thought to be an excellent 
choice as a biological tag. Future studies using parasite tags in wreckfish might consider 
focussing on these species.
Wreckfish collected from the Blake Plateau had a significantly different parasite 
fauna compared to fish from the Azores; thus wreckfish populations from the Blake 
Plateau and the Azores may have limited interaction. Mitochondrial DNA (mtDNA) 
analyses of wreckfish suggested no stock separation between eastern and western North 
Atlantic (Sedberry et al. 1996), however homogeneity of mtDNA data can result from the 
movement of relatively few fish between areas (Wright 1943). However, subsequent 
microsatellite DNA analysis, which offers greater resolution than mtDNA, also failed to 
separate eastern and western North Atlantic wreckfish populations (G. Sedberry pers. 
com., unpublished data).
One of the pieces of evidence supporting a single North Atlantic wreckfish stock 
is the belief that spawning wreckfish do not occur in the eastern Atlantic. However, 
sexually mature wreckfish were collected in the Azores in this study. The length 
frequency distribution of samples was consistent with the literature indicating that the 
population in the Blake Plateau consists primarily of mature fish, whereas the population 
in the Azores consists of immature fish (e.g. Sedberry et al. 1996), however during the 
1996 collecting trip in the Azores, extremely large wreckfish were seen at the fish auction 
(pers. obs.). The subsequent trip to the Azores in 1997 resulted in the collection of eight 
sexually mature wreckfish. Conversations with fisheries biologists and local fishermen 
during this trip indicated that large, mature, spawning fish are not rare (Filipe Porteiro,
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Department of Oceanography and Fisheries, University of the Azores, pers. com.). These 
large wreckfish typically inhabit deeper waters that are farther offshore than do smaller 
fish, so they are less accessible to the small artisanal fishing vessels in which handlines 
are used. Extremely large wreckfish also fetch a lower price per pound than the smaller 
fish (pers. obs.). Large fish are targeted mainly in July and August on Faial Island (F. 
Porteiro, pers. com.). This season may correspond to favorable weather conditions and 
periodic depletion of the population of smaller fish. The collection of sexually mature 
fish in this study and the anecdotal evidence of the seasonal occurrence of spawning 
wreckfish indicates that spawning does occur in the Azores population. It seems likely 
that there are other spawning areas in the North Atlantic that have yet to be identified, 
possibly due to the preferred adult habitat of deep seamounts and rocky ledges. In order 
to clarify stock structure, it is necessary to identify all spawning areas and to determine 
the age/length structure of the wreckfish populations in the North Atlantic, and there is 
much still unknown in this area.
Evidence suggests that trans-Atlantic migration does occur. Circulation patterns 
in the North Atlantic facilitate the transport of pelagic eggs and larvae from the Blake 
Plateau spawning area to the eastern Atlantic, and surface-dwelling juveniles from the 
eastern Atlantic to the Blake Plateau. Recruitment of immature fish from the other 
populations in the North Atlantic to the Blake Plateau is supported by the scarcity of fish 
less than less than 850 mm TL in the Blake Plateau fishery and the recovery of unusual 
hooks from wreckfish caught on the Blake Plateau. These hooks are similar to those used 
in the North Atlantic, including the Korean pelagic longline fishery off the Leeward 
Islands, the alfonsen fishery near Barbados (Sedberry et al. 1994), and the shark and
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deepwater snapper/grouper fisheries in Cuba (Sedberry et al. 1996). Although the source 
of these hooks cannot be confirmed (Sedberry et al. 1996), recruitment of wreckfish to 
the Blake Plateau from other regions of the North Atlantic can be inferred. One parasite 
species also provides evidence of the migration of juveniles from the eastern Atlantic to 
the Blake Plateau. The adult acanthocephalan referred to as cf. Rhadinorhynchus was a 
core species in the parasite fauna of wreckfish from the Azores, where more than 40% of 
fish were infected. In the Blake Plateau, however, this parasite was recovered from only 
one, small, sub-adult fish. It is possible that this fish acquired the parasite in the Azores, 
or another location where its prevalence is high, and carried it to the Blake Plateau. 
Another possibility, however, is that the intermediate host carried it the Blake Plateau. 
The fact that this parasite was collected from only one fish in the Blake Plateau might 
suggest that few wreckfish in the Blake Plateau originate in the Azores, however more 
information on the life history and longevity of this parasite is required.
Comparison with Wreckfish Parasite Literature
Species representing each of the genera of parasites previously recorded from 
wreckfish were observed in this study (Table 6). Allocotylophora polyprionum and B. 
vasculosum have been reported in wreckfish from New Amsterdam (Lambert and Euzet 
1977) and New Zealand (Panebianco and Sebastio 1988). Corynosoma sp. was not 
identified to species, however it is possible that it is the same species reported by 
Panebianco and Sebastio (1988). The Grillotia sp. collected in this study was not, 
however, G. erinaceus, a species reported in wreckfish by the same authors (Ronald 
Campbell, pers. com.).
51
TA
BL
E 
6. 
Pr
ev
io
us
 R
ec
or
ds
 o
f 
Po
lyp
rio
n 
Pa
ra
sit
es
 f
rom
 
the
 
Li
te
ra
tu
re
.
T3<D
u
<0
5—13
a
<D
J
cO
+->o
<+Hc
o
<D>
• fH
00
r"-r~
ON
CD
N
PW
X
C
cd
CD
* 1
cd
hJ
o o OO OO
0 0 o o o o
O n O n ONf-Mo O o• ri • rd
to in oo
cd cd cd
J D X i X
O (L) &>oo 00 00
-o Td X )c c c
cd cd cd
O o O
o o oc a c
_cd cd cd
IB X X<D o CD
c a C
cd cd cd
P l. cu P j
J 3 X Xm cn oo
JO J D
E E E
O cn
ON NO
1-1 ON
X  ^
O  -I-*oo * -
X  £
tQ CD
£  X
O
X
X
cd
cd
o
c
00
r-
00
ON
N
C
<d
PQ
X
C
cd
<D0)Q
r-
r -
ON
wo
NO
ON
td
cd
ffi
Xe
cd
C
O
Q
« > J2
I  -a §
U-.o
r t ■'tt
» o w o w o
ON ON O n
r—* -t
U, i-< u.
a a) JD
a c C
cd cd cds s s
ONt"-
CN
c
cd*-»
c3u
CDCU
<POO
El
S
cd
X
s<
£
<D
55
C C C
cd cd cd
(D CD CD
C C C
cd cd cd
u . u , u .t- i i- i u .
(D CD iD-*—* ■*-*
X ) X ) X
CD (D CDs s s
xc
cd
"cd0)
N
£
<D55
X
C
cdId
<DN
£a>£
«i
Xu
e
cd
<doO
o
cdP-,
CL*
cd
x4—>
P
o
00
X X Xc c c
j d cd cd
^ed "cd
cD (D <D
N N N
£
CD CD <o
£ 5 5 5 5
JOu
00<D
•  *-Ho<uOh
CO
<D
H—*
•  f H
onctf
5-<cdOh
a
r
. a
aft
5
a-a
§■
aa
a
ato
a
- f t
a
PQ
R  V)
§  aa a
•fc ' j
^  a
a •«
a
to
a
I
tj
N»
o
I
s
R
. a
* C
. &
aft
to
. 1
“ S
- R
§•a
<0,
to
a
R
a
o o
a
«R
to
to
a
- R
to
" a
a
a
- R
. a
^ a
a
a
d o
Ra
• 5
I
a
R
. a
" C
ft
5
a
• R
§ **■>4
a  
a  
a  *0—»
R
. a
a
£
a
f t .
R
"a
a
§ •
^ a
f t ,
a
£
"a
a
a
. a
Rto
ado
52 R
p  a
o
• r  . a
cd>
CO4J
C
<D
0£>
O
<5
Q
a
. a
" t o
a
>
a
a
- a
( 2
a
a
Ra
a
- R
£
aa
. a
" C
a
aa
a
£
oo
<D
•
o
<DOh
00
-t—>
00
Offi
to
a
R
a.a
" Cas
a
R
. a
‘ C
<£
to
. a
"a
Ra
!
R
. a
"C
<£
52
Host Biology
Digenea utilize a broad taxonomic range of intermediate and definitive hosts.
With few exceptions, they use a snail or bivalve mollusk as first intermediate host, and 
fish and mo Husks as second intermediate host (Overstreet 1978). The diversity, 
prevalence, and intensity of digenes observed in this study might suggest that the diet of 
wreckfish includes fish and mollusks, the second intermediate hosts of. This is supported 
by the fact that Blake Plateau fishermen typically use squid as bait, and stomach contents 
of Blake Plateau wreckfish often included squid. Lythgoe and Lythgoe (1992) list 
mollusks as a component of wreckfish diet. Neolepidapedon polyprioni was the most 
common digenes collected in this study. This species is thought to use polychaetes and 
gastropods as second intermediate host.
Marine fishes host few adult but many larval cestodes (Overstreet 1978). The 
first intermediate host is a crustacean (Rohde 1993), and it has been reported that the 
wreckfish diet includes Crustacea (Lythgoe and Lythgoe 1992). The fish acts as the 
intermediate host for the pleurocercoid stage of development, which is infective to the \
final host. Elasmobranchs are typically the definitive host. The relatively high 
prevalence of Cestoda collected in this study suggests that wreckfish predators might 
include sharks. Tetraphyllids like T. coryphaenae are quite common, however, and not 
all larvae will be transmitted to the definitive host. Cattan et al. (1979) did, however, 
collect larval T. coryphaenae from P. oxygeneios and adults from the blue shark,
Prionace glauca.
Larval anisakids were very common in wreckfish from both locations, particularly
A. simplex and A. physeteris. Squid and euphausiid crustaceans are important
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intermediate hosts of Anisakis, however pelagic fishes are important paratenic hosts 
(Smith 1983) and may introduce the parasite to wreckfish. It has been reported that the 
diet of wreckfish includes fish (Lythgoe and Lythgoe 1992). The definitive hosts of 
Anisakis simplex include a variety of toothed whales such as dolphins and porpoises, 
seals, sea lions, and elephant seals (Davey 1971). Anisakis physeteris matures in the 
sperm whale, Physeter catodon, and occasionally other cetaceans (Davey 1971). The 
high prevalence of larval anisakids suggests that marine mammals might be predators of 
wreckfish, however as stated previously, not all larvae are transmitted to the definitive 
host and large predatory fish may also be dead end hosts for anisakids. There is 
evidence, however that sperm whales prey on the sister species of wreckfish, Polyprion 
oxygeneios, which has a similar life history to the wreckfish (Johnston 1983).
The life cycles of acanthocephalans involve an arthropod intermediate host, a 
vertebrate definitive host, and sometimes paratenic hosts, which are typically fish 
(Crompton and Nickol 1985). The wreckfish is the definitive host of the adult 
acanthocephalan, cf. Rhadinorhynchus. Wreckfish might also acquire cf. 
Rhadinorhynchus by ingesting a paratenic fish host. The high prevalence of cf. 
Rhadinorhynchus in wreckfish from the Azores suggests that fish are an important 
component in the diet of this wreckfish population. For the juvenile Acanthocephala 
encysted in the mesenteries, B. vasculosum and Corynosoma sp., the wreckfish serves as 
a paratenic host. For completion of the life cycle, another vertebrate ingests the 
wreckfish and the worms are freed from the mesenteric tissue during digestion. Juvenile
B. vasculosum have been reported in other large bony fishes, and adults occur in marine 
mammals (Williams and Bunkley 1996). The definitive hosts of B. vasculosum include
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the common dolphin, Delphinus delphis, North Sea beaked whale, Mesoplodon bidens, 
and shortfin pilot whale, Globicephala macrorhynchus (ibid.). The high prevalence and 
intensity of B. vasculosum in wreckfish from the Blake Plateau and Azores suggests that 
toothed whales in the Azores and Blake Plateau may be predators of wreckfish. 
Corynosoma matures in seabirds (McDonald 1988). Although this parasite was rare in 
wreckfish collected in this study, there is other evidence that juvenile wreckfish are 
preyed upon by seabirds (Joel Carlin, South Carolina Department of Natural Resources, 
pers. com.).
Recommendations
Wreckfish are clearly recruiting to the Blake Plateau from other areas in the North 
Atlantic, although based on parasitological evidence, the interaction of the Blake Plateau 
fishery and the Azores fishery is limited. To resolve the stock structure of wreckfish in 
the North Atlantic, additional studies are needed. A more thorough knowledge of length- 
frequency distribution in the North Atlantic, derived from fisheries-independent data, and 
the identification of other spawning areas will provide a more accurate picture of the 
population dynamics of wreckfish in the North Atlantic. A better knowledge of 
wreckfish life history is critical for effective management. At present there is a scarcity 
of information about wreckfish biology, including growth, recruitment, natural mortality, 
fishing mortality, and migratory behavior. The exchange between fishing areas in the 
North Atlantic must be further quantified. Ongoing studies aimed at quantifying the 
recruitment of fish from the eastern Atlantic to the Blake Plateau will do much to clarify 
this issue. Micro-satellite DNA is now being used to provide higher resolution of genetic 
population structure than did the previously-used MtDNA analysis (Sedberry pers. com.).
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Parasites might also provide more information in subsequent studies. Possible 
approaches might include examining a larger sample size of wreckfish for select 
parasites, collecting wreckfish in limited length ranges from different locations to 
minimize the effect of length, and collecting from other locations in the North Atlantic 
and other oceans for comparative purposes.
Summary
Wreckfish from the North Atlantic host a diverse parasite fauna, including 26 
species from seven major parasite taxa. Twelve of the parasite species fit criteria for use 
as biological tags, based on prevalence, longevity, host-specificity, and life cycle; J. 
shogunus, C. polyprioni, A. polyprioni, N. polyprioni, T. coryphaenae, Grillotia sp., 
Cucullanus sp., Hysterothylacium sp. 2, A. simplex, A. physeteris, cf. Rhadinorhynchus, 
and B. vasculosum. Although the prevalence of several of the parasites is correlated with 
length, C. polyprioni, N. polyprioni, T. coryphaenae, Cucullanus sp., Hysterothylacium 
sp., and cf. Rhadinorhynchus, had significantly different prevalences in the two locations 
independent of the difference in length. The findings of this study suggest that the 
wreckfish populations exploited by the Azores fishery and the Blake Plateau fishery have 
limited interaction. The parasite assemblage suggests that the diet of wreckfish in the 
North Atlantic includes Crustacea, mollusks and fish, and predators might include 
elasmobranchs and toothed whales. Additional studies aimed at elucidating aspects of 
wreckfish biology and quantifying the exchange between fishing areas are recommended.
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Appendix 1
Taxonomy of parasite species collected from wreckfish from 
The Blake Plateau, U.S.A. and the Azores, Portugal.
PHYLUM: Arthropoda
Subclass: Copepoda
Family: Eudactylinidae
Jusheyus shogunus
Order: Isopoda
Family: Aegidae
Aega (Aega) deshaysiana
PHYLUM: Platyhelminthes
Class: Monogenea
Suborder: Monoopisthocotylea 
Family: Capsalidae
Calicobenedenia polyprioni
Suborder: Polyopisthocotylea 
Family: Discocotylidae
Allocotylophora polyprionum
Class: Trematoda
Subcl: Digenea
Family: Lepocreadidae
Neolepidapedon polyprioni 
Family: Hemiuridae
Lampritrema nipponicum 
Derogenes various 
Hemiurid sp. 1 
Hemiurid sp.2 
Hemiurid sp.3
Class: Cestoda
Scolex polymorphus
Order: Trypanoryncha
Family: Tentaculariidae
Tentacularia coryphaenae 
Family: Sphyriocephalidae
Sphyriocephalus alberti 
Family: Lacistorynchidae 
Grillotia sp.
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PHYLUM: Nematoda
Family: Philometridae 
Philometra sp.
Family: Camallanidae
Oncophora melanocephala
Family: Cucullanidae 
Cucullanus sp.
Family: Anisakidae
Hysterothylacium sp. 1 
Hysterothylacium sp. 2 
Anisakis simplex 
Anisakis physeteris 
Contracaecum Type A 
Terranova Type A
PHYLUM: Acanthocephala
Family: Rhadinorynchidae 
cf. Rhadinorynchus
Family: Polymorphidae
Bolbosoma vasculosum 
Corynosoma sp.
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Appendix 2
The Parasite Fauna of Wreckfish and Selection of Tags 
The copepod, J. shogunus, was a core species in the parasite fauna of wreckfish in the 
North Atlantic. The life cycle of the parasite is not known, but it is thought to remain on the 
wreckfish for about one year (George Benz, Tennessee Aquarium, pers. com.). It has been 
previously reported only from the sister species of wreckfish, Polyprion oxygeneios, the type 
host (Deets and Benz 1987). Jusheyus shogunus was collected in widely separated locations in 
the North Atlantic in this study just as Deets and Benz (1987) collected J. shogunus from widely 
separated locations in Australia. The fact that the parasite has been reported only from the two 
species of Polyprion, and in those species from widely separated geographic areas, indicates that 
it is not an accidental parasite of Polyprion, and that it is host-specific to the genus level. The 
combination of high prevalence and host-specificity qualified this parasite an excellent tag. 
Remarks on the morphology and lifestyle of the parasite, and the new host and ocean records 
resulting from this study are described in Benz et al. (in review).
The isopod, Aega deshaysiana, is a large, ectoparasitic blood feeder, and considered an 
opportunistic parasite. It attaches to fish hosts occasionally, and only long enough to feed 
(Kensley and Schotte 1989). The species shows almost no host specificity (ibid.). This species 
occurred rarely on wreckfish from the Blake Plateau and was not observed in wreckfish from the 
Azores, however it has been reported from this region in other fishes (Kensley and Schotte 
1989). The lack of host-specificity and rare occurrence of the species in the wreckfish samples 
limit its value as a biological indicator. This study represents a new host record for A. 
deshaysiana.
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One of the two Monogenea, Calicobenedenia polyprioni, represents a new genus and 
species in the family Capsalidae (Kritsky and Fennessy in press). Calicobenedenia polyprioni is 
a secondary species in the parasite fauna of wreckfish in the North Atlantic. This skin parasite 
probably grazes on tissue and mucus, as is typical for Monopisthocotylea. Large numbers some 
monopisthocotylids can cause considerable damage to the fish host, however the intensity of C. 
polyprioni observed in this study (maximum of 10 per fish) is likely not high enough to elicit 
pathological response, and no pathology was observed. The Monogenea are monoxenous, 
requiring only one host in their lifecycle, and are generally considered highly host specific. This 
species likely exhibits host specificity at the species level, since it has not been reported from 
any other hosts, and was found in North Atlantic wreckfish in widely separated locations.
Despite the undetermined longevity of the parasite on the host, the parasite exhibits potential as a 
biological tag based on its prevalence, specificity, and direct life cycle.
The other monogenean, Allocotylophora polyprionum, is a secondary species in the 
parasite fauna of wreckfish in the North Atlantic. This parasite likely feeds on blood. It has 
been previously reported only from the sister species of wreckfish, P. oxygeneios, the type host 
(Dillon and Hargis 1965). This species has been reported from P. oxygeneios in New Zealand 
(Dillon and Hargis 1965) and from P. americanus in New Amsterdam (Lambert and Euzet 
1977). This species appears to exhibit host-specificity to the genus level, since it has been 
reported only from Polyprion species in widely separated locations. The moderate prevalence, 
high specificity, and direct life cycle make this parasite a suitable tag. This study represents a 
new ocean record for A. polyprionum.
The high prevalence of the digene N. polyprioni in samples from both the Blake Plateau 
and Azores indicates that it is a core species in the parasite fauna of wreckfish in the North
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Atlantic. This species was first recorded in P. oxygeneios from New Zealand (Manter 1954). 
Digenea in general exhibit less host-specificity than do Monogenea, however Manter (1954) 
notes that the group does display a tendency toward host specificity. The fact that N. polyprioni 
has been reported only from the two species of Polyprion from widely separated geographic 
areas indicates that the species is not an accidental parasite of Polyprion and is host-specific to 
the genus level. The high prevalence and specificity make this parasite a suitable tag. This study 
represents a new host record and a new ocean record for N. polyprioni.
Lampritrema nipponicum was rare in the Blake Plateau but more common in the Azores. 
Manter (1954) has noted that members of the family Hemiuridae tend to be less host-specific 
than other Digenea. Lampritrema nipponicum has been reported from several teleost hosts, 
including the Atlantic argentine, Pacific salmon, sockeye salmon, and pomfret, (Scott 1969, 
Margolis 1962, and Yamaguti 1940). This species was considered to have moderate host 
specificity. This study represents a new host record for L. nipponicum.
Another hemiurid digene, Derogenes varicus, has been called the most widely distributed 
animal in the world and has been recorded from more than 100 species of marine fish 
(Marcogliese and Price 1997). Generalists like D. varicus typically have low prevalence, as was 
the case for this parasite in the Blake Plateau and the Azores. This study represents a new host 
record for D. varicus.
Scolex polymorphus is a collective term used to describe many species of Tetraphyllidean 
cestode larvae that have relatively underdeveloped scolices that do not allow identification 
(Overstreet 1978). This study represents new host records for S. polymorphus, but the actual 
identification of the species composing the complex has not been attempted.
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Several Tryapanorynch cestodes were collected. Tentacularia coryphaenae was a core 
component of the parasite fauna of wreckfish in the Blake Plateau, but rare in the Azores. This 
species has been recorded from P. oxygeneios in Chile (Cattan et al. 1979). This study 
represents a new host record for T. coryphaenae. Two individuals of S. alberti were collected in 
this study. Wreckfish are probably accidental hosts of this parasite. Most cestodes are not host- 
specific as pleurocercoids, thus these parasites were considered to have low host-specificity. 
Their high prevalence and longevity, however, make T. coryphaenae and Grillotia sp. excellent 
tags.
The adult nematode Philometra sp. occurred rarely in wreckfish from the Blake Plateau. 
This species has the potential to cause pathology in wreckfish based on the site of infection, size 
of individuals, and reports of other pathogenic species of Philometra in the literature (e.g. 
Moravec and Dykova 1978, Salas 1972). Pathology was not evaluated in this study, and 
prevalence was very low, however the presence of this parasite in wreckfish should be monitored 
in the event that infections increase. Philometrids, unlike most Nematoda, release live larvae, 
and numerous larvae filled the body cavities of the females observed in this study. Male 
individuals of the genus Philometra are minute and typically found in the swim bladder of the 
host (Frantisek Moravec, Institute of Parasitology, Czechoslovak Academy of Sciences, Prague 
pers. com.). Males were not observed in this study.
Oncophora melanocephala can be readily distinguished from other wreckfish nematodes 
by the dark chitinous armature of the buccal capsule, which is used to attach to the mucosal 
surface of the gut to feed on the host’s blood (Ivashkin et al. 1977). This species has been 
recorded from three species of Scombrus, bluefin tuna, pelamys (Ivashkin et al. 1977), the 
Atlantic bonito, albacore tuna, blue marlin, bullet tuna, and frigate tuna (Williams and Bunkley
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1996). Host specificity was classified as moderate. This represents a new host record for O. 
melanocephala.
The adult nematode Cucullanus sp. was a core component of the parasite fauna of 
wreckfish. Unfortunately, few parasite taxonomists are now studying this group, and 
identification to species was not possible with the available literature (Hisao Arai, Pacific 
Biological Station, B.C., and F. Moravec, pers. com.). Cucullanus sp., like Oncophora, is a 
member of the order Camallanata, a group distinguished by the presence of a buccal capsule. 
Live individuals of this species are readily distinguished from other gut nematodes of wreckfish 
by their relatively large size and pink coloration, due in part to their blood diet. The genus 
Cucullanus can be identified by the thin cuticular rim surrounding the mouth, which is armed 
with a dentigerous collar (Rasheed 1966). The genus exhibits few characters that vary between 
the species, prompting some authors to consider members of this genus to have high host- 
speficity (e.g. Campana Rouget 1957). More recent studies in which Cucullanus species have 
been identified from several families of teleosts, indicate that they in fact have only moderate 
host specificity (Rasheed 1966). The combination of high prevalence and moderate longevity 
and specificity make this parasite an appropriate tag. This study represents a new host record for 
the genus Cucullanus.
The adult nematode Hysterothylacium sp. 1 was rare in wreckfish from the Blake Plateau; 
only one individual was found in the largest wreckfish collected from the Azores.
The larval nematodes collected in this study were identified based on the presence and 
morphology of the intestinal caecae, ventriculus, ventricular appendage, presence of a mucron, 
and position of the excretory pore (Berland 1989 and Koyama et al. 1969). Anisakis simplex was 
distinguished by the absence of an intestinal caecum and ventricular appendage, relatively long
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ventriculus, and mucron. Anisakis physeteris was distinguished by the relatively short 
ventriculus, the absence of an intestinal caecum and ventricular appendage, and absence of a 
mucron. Contracaecum sp. was distinguished by the presence of a short intestinal caecum and 
long ventricular appendage. Hysterothylacium sp. 2 was distinguished by the position of the 
excretory pore.
Larval nematodes utilize a broad variety of intermediate fish hosts. These larval forms 
were considered to have low host specificity. Encysted larvae remain in the intermediate host 
until the host is ingested. The larvae are then released from their encapsulating tissue during 
digestion. Anisakis simplex, A. physeteris, and Hysterothylacium sp.2 were considered to have 
excellent potential for use as tags based on their high longevity and prevalence.
Hysterothylacium and Anisakis spp. have been used previously as tags (Boje 1987 a and b, 
Chenoweth et al. 1986). These genera have also been used as tags for stock identification (e.g. 
George-Nascimento 1996, Arthur and Albert 1993, Beverly-Burton 1978). This study represents 
new host records for A. simplex, A. physeteris, Contracaecum, and Hysterothylacium.
The acanthocephalan Bolbosoma vasculosum was the most prevalent parasite collected in this 
study. Like the larval nematodes, this larval acanthocephalan was encysted in host tissue, and 
thus considered to be long-lived. This parasite was considered a potential tag based on its 
longevity and high prevalence. The acanthocephalan cf. Rhadinorynchus was very prevalent in 
wreckfish from the Azores, and for this reason was included in the list of tags. It was not 
possible to identify the few individuals of Corynosoma collected to species, however the 
previous record of C. strumosum in wreckfish suggests that it may be this species (Panebianco 
and Sebastio 1988). Corynosoma strumosum uses a large variety of bony fish as paratenic hosts 
(Schmidt in Crompton and Nickol 1985), and may have moderate host specificity. Corynosoma
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strumosum and B. vasculosum have been previously reported from wreckfish collected in the 
Mediterranean (Panebianco and Sebastio 1988).
65
Literature Cited
Agresti, A. 1990. Categorical Data Analysis. John Wiley & Sons, Inc, NY. 558 pp.
Anonymous. 1988. Orange roughy-a boom and bust fishery? Fishing Today. 1988(4): 
22-23.
Anonymous. 1994. South Atlantic Fishery Mangement Council, Snapper Grouper 
Assessment Group, Wreckfish Report. Charleston, South Carolina, USA.
Anonymous. 1995a. South Atlantic Fishery Mangement Council, Snapper Grouper 
Assessment Group, Wreckfish Report. Charleston, South Carolina, USA.
Anonymous. 1995b. Fish Facts. Sport Fishing, The Magazine of Saltwater Fishing.
June 1995(6): 22.
Arthur, J.R. and Albert, E. 1993. Use of parasites for separating stocks of Greenland 
halibut (Reinhardtius hippoglossoides) in the Canadian Northwest Atlantic. Can. J. 
Fish. Aquat. Sci. 50: 2175-2181.
Berland, B. 1989. Identification of larval nematodes. From Nematode Problems in
North Atlantic Fish. Report from a workshop in Kiel, 3-4 April 1989. ICES CM. 
1989/F:6. pp. 16-22.
Beverly-Burton, M. Population genetics of Anisakis simplex (Nematoda: Ascaridoidea) 
in Atlantic salmon (Salmo salar) and their use as biological indicators of host 
stocks. 1978. Env. Biol. Fish. 3(4): 369-377.
Bigelow, H. and Schroeder, W. 1953. Fishes of the Gulf of Maine. Fish. Bull. 53: 1-557.
Bloch, M.E. and Schneider, J.E. 1801. M.E. Blochii, Systema Ichthyologiae Iconibus CX 
Illustratum. Post obitum auctoris opus inchoatum absoluit, correxit, interpolavit Jo. 
Gottlob Schneider, saxo. Berlin. (In Latin).
Boje, J. 1987a. Parasites as natural tags on Cod (Gadus morhua L.) In Greenland
waters. In Stenmark, A. And Malmberg, G., eds. Parasites and Diseases in Natural 
Waters and Aquaculture in Nordic Countries. Stockholm: Zoo-tax, Swedish 
Museum of Natural History, pp. 94-101.
Boje, J. 1987b. Parasites as natural tags on cod in Greenland waters. ICES C.M. 
1987/G:64. pp. 10.
Boulenger, G.A. 1895. Catalogue of the Perciform Fishes in the British Museum. Vol. 1. 
Taylor and Francis, London.
66
Breslow, N.E. and Day, N.E. 1980. Statistical Methods in Cancer Research, Volume 1: 
The Analysis of Case-Control Studies, Lyon, International Agency for Research on 
Cancer.
Brooks, D.A. and Bane Jr., J.M. 1978. Gulf Stream deflection by a bottom feature off 
Charleston, South Carolina. Science. 201:1225-1226.
Campana-Rouget, Y. 1957. Parasites de poissons de mer Ouest-Africains J.
Cadenat (quatrieme note). Sur quelques especes de Cucullanidae. Revision de la 
sous-famille. Bull. Inst. fr. Afr. noire. 19: 417-465.
Campbell, R.A., Haedrich, R.L., and Munroe, T.A. 1980. Parasitism and ecological 
relationships among deep-sea benthic fishes. Mar. Biol. 57: 301-313.
Cattan, P.E., Carvajal, J., Torres, D., and Yanez, J.L. 1979. Primera comunicacion sobre 
cestodos Trypanorhyncha en peses del Archipelago de Juan Fernandez. Bol. Chile. 
Parasit. 34: 44-46. (In Spanish).
Chenoweth, J. H. McGladdery, S.E., Sindermann, C.J., Sawyer, T.K., and Bier, J.W. 
1986. An investigation into the usefulness of parasites as tags for herring (Clupea 
harengus) stocks in the western North Atlantic, with emphasis on the use of the 
larval nematode Anisakis simplex. J. Northw. At. Fish. Sci. 7: 25-34.
Crompton, D.W.T. and Nickol, B.B. 1985. Biology of the Acanthocephala. Cambridge 
University Press, Cambridge. 519 pp.
Davey, J.T. 1971. A revision of the Genus Anisakis Dujardin, 1845 (Nematoda: 
Ascaridata). J. Helminth. 45(1): 51-71.
Deets, G.B. and Benz, G.W. 1987. Jusheyus shogunus gen. et sp. nov.
(Siphonostomatoida: Eudactylinidae), a gill parasite of the bass Polyprion
oxygeneios (Percichthyidae) from Coffs Harbour, Australia. Can. J. Zool. 65: 940- 
945.
Dillon, W.A. and Hargis Jr., W.J. 1965. Mongenetic trematodes from the southern 
Pacific Ocean 2. Polyopisthocotyleids from New Zealand fishes: the familes 
Discocotylidae, Microcotylidae, Axinidae, and Gastrocotylidae. Biology of the 
Antarctic Seas II, Antarctic Research Series. 5:251-280.
Dogiel, V.A. and Bykhovsky, B.E. 1939. Parasites of fishes of the Caspian Sea. Tr. 
Kompledsn. Izuchen. Kaspiisk. Morya. 7: 10-150. (In Russian).
Duhamel, G. 1989. Ichtyofaune des lies Saint-Paul et Amsterdam (Ocean Indien Sud). 
Mesoee. 49: 21-47.
67
George-Nascimento. 1996. Populations and assemblages of parasites in hake,
Merluccius gayi, from the southeastern Pacific Ocean: Stock implications. J. Fish. 
Biol. 48: 557-568.
Gilhen, J. 1986. First three records of the wreckfish, Polyprion americanus, for Nova 
Scotia. Can. Field Nat. 100: 381-382.
Glukhov, A. A. and Zaferman, M.L. 1982. Observations of the behavoir of Polyprion 
americanus (Serranidae). J. Ichthyol. 22: 142-143.
Gosline, W.A. 1966. The limits of the fish family Serranidae, with notes on other lower 
percoids. Proc. Cal. Acad. Sci. 33:91-111.
Heemstra, P.C. 1986. Family No 165: Polyprionidae. In Smith’s Sea Fishes, 6th edition 
Smith, M.M. and Heemstra, P.C., eds) pp. 509. Berlin: Springer-Verlag.
Hewitt, G.G. 1963. Some New Zealand parasitic Copepoda of the family Caligidae. 
Trans. Roy. Soc. New Zeal.4(3): 61-115.
Hureau, J.C. and Monod, Th. 1973. Polyprion, pp. 361-362. In Check-list of the fishes 
of the North-eastern Atlantic and of the Mediterranean. Volume I. Unesco, Paris. 
683 pp.
Ivashkin, V.M, Sobolev, A. A., and Khromova, L.A. Camallanata of Animals and Man 
and Diseases Caused by Them. 1977. Essentials of Nematology. Vol. XXII. 
Edited by K.I. Skrjabin. Israel Program for Scientific Translations, Jerusalem. 
Translated from Russian. 381 pp.
Jaramillo, E. 1977. Nuevos huespedes y distribucion geografica de Meinertia
gaudichaudii (Milne Edwards, 1840), (Isopoda, Cymothidae). Medio Ambiente. 
3(1): 132-134. (In Spanish).
Johnson, C.R. and Field, C.A. 1993. Using fixed-effects model multivariate analysis of 
variance in marine biology and ecology. Ansell, A.D., Gibson, R.N., Barnes, M. 
(Eds.). Oceanogr. Mar. Biol. Ann. Rev. 31: 177-221.
Johnson, G.D. 1984. Percoidei: development and relationships. In Ontogeny and 
Systematics of Fishes (Moser, H.G., ed.), pp.464-498. American Society of 
Ichthyologists and Herpetologists Special Publication 1. Lawrence Kansas: Allen 
Press, Inc,
Johnston, A.D. 1983. The southern Cook Strait groper fishery. New Zealand Ministry of 
Agriculture and Fisheries. Tech. Rep. 159. 33pp.
Jordan, D.S. 1923. A classification of fishes including families and genera as far as 
known. Stanford Univ. Publ. Biol. Sci. 3(2): 77-243.
68
Kabata, Z. 1963. Parasites as biological tags. Int. Comm. Northwest Atl. Fish. Spec. 
Publ. No. 4. pp. 31-37
Kabata, Z. 1959. Investigations of the subdivisions of North Sea whiting population. II. 
Some observations on gall-bladder Protozoa in North Sea whiting. Paper No. 36, 
Near Northern Seas Committee, ICES.
Kabata, Z., McFarlane, G.A., and Whitaker, D.J. 1988. Trematoda of sablefish, 
Anoplopoma fimbria (Pallas, 1811), as possible biological tags for stock 
identification. Can. J. Zool. 66: 195-200.
Kensley, B. and Schotte, M. 1989. Guide to the Marine Isopod Crustaceans of the 
Caribbean. Smithsonian Institution Press.
Khan, R.A. and Tuck, C. 1995. Parasites as biological indicators of stocks of Atlantic 
cod (Gadus morhua) off Newfoundland, Canada. Can. J. Fish. Aquat. Sci. 
52(Suppl. 1): 195-201.
Koyama, T. Kobayashi, A., Kumada, M., Komiya, Y., Oshima, T., Kagei, N., Ishii, T, 
and Machida, M. 1969. Morphological and taxonomical studies on Anisakidae 
larvae found in marine fishes and squids. Jap. J. Parasitol. 18(5): 466-487.
Kritsky, D.C. and Fennessy, C.J. In Press. Calicobenedenia polyprioni gen. et sp. n. 
(Monogenoidea: Capsalidae) from the external surfaces of wreckfish, Polyprion 
americanus (Teleostei: Polyprionidae), in the North Atlantic. J. Parasitol.
Lambert, M. and Euzet, L. 1977. Monogenes parasites de poissons de la Nouvelle- 
Amsterdam. Bull. Mus. Nat. D’Hist. Natur. 3(430): 217-225. (In French).
Leaman, B.M. and Kabata, Z. 1987. Neobranchiella robusta (Wilson, 1912) (Copepoda: 
Lemaeopodidae) as a tag for identification of stocks of its host, Sebastes alutus 
(Gilbert, 1890) (Pisces: Teleostei). Can. J. Zool. 65(11): 2579-2582.
Lester, R.J.G. 1990. Reappraisal of the use of parasites for fish stock identification. Aust. 
J. Mar.Freshwater Res. 41: 855-864.
Lester, R.J.G., Barnes, A., and Habib, G. 1985. Parasites of skipjack tuna, Katsuwonus 
pelamis: fishery implications. Fish. Bull. 83(3): 343-356.
Lester, R.J.G., Sewell, K.B., Barnes, A., and Evans, K. 1988. Stock discrimination of 
orange roughy, Hoplostethus atlanticus, by parasite analysis. Mar. Biol. 99: 137- 
143.
Levine, M.S. 1977. Canonical Analysis and Factor Comparison. Sage Publications, 
Beverly Hills. 62 pp.
69
Lotz, J.M. and Font, W.F. 1985. Structure of enteric helminth communities in two 
populations of Eptesicus fuscus (Chiroptera). Can. J. Zool. 63: 2969-2978.
Lythgoe, J. and Lythgoe, M. 1992. Wreckfish. p. 87-88. In: Fishes of the Sea. The 
North Atlantic and Mediterranean. MIT Press, Cambridge, Massachusetts. 256 pp.
MacKenzie, K. 1983. Parasites as biological tags in fish population studies. Advances in 
Applied Biology. 7:251-331.
MacKenzie, K. 1985. The use of parasites as biological tags in population studies of 
herring (Clupea harengus L.) in the North Sea and to the North and west of 
Scotland. Journal du Conseil, Conseil International pour l’Exploration de la Mer. 
42: 33-64.
MacKenzie, K. 1987. Parasites as indicators of host populations. “Parasitology-Quo 
Vadit?”. Proc. 6th Int. Congr. Parasitology, Brisbane, Australia. Int. J. Parasitol. 17: 
345-352.
Manter, H.W. 1954. Some Digenetic Trematodes from fishes of New Zealand. Trans. 
Roy. Soc. New Zeal. 82(2): 475-568.
Marcogliese, D. J. and Price, J. 1997. ‘The Marine Trematode Derogenes varicus. 
Portrait in Biodiversity.” Last updated Winter 1997. 
http://www.nature.ca/english/port73.htm. (February 1998).
Margolis, L. 1956. A report on the parasites of sockeye and pink salmon. J. Fish. Res. 
Board Can. MS Rep. 624.
Margolis, L. 1957. A study of the parasites of sockeye and pink salmon with particular 
attention to their application in distinguishing between Asiatic and North American 
stocks of these fish on the high seas-Report of results of examniation of 1956 
samples. Fisheries Res. Bd. Can. Manuscritpt Report Series (Biological) No. 641. 
24 pp.
Margolis, L. 1962. Lampritrema nipponicum Yamaguti (Trematoda) from new hosts in 
the North Pacific Ocean, the relationship of Distomum miescheri Zschokke, and 
the status of the family Lampritrematidae. Can. J. Zool. 40: 941-950.
Margolis, L. 1965. Parasites as an auxilliary source of information about the biology of 
Pacific salmons (genus Oncorhynchus). J. Fish. Res. Bd. Canada. 22(6): 1387- 
1395.
Margolis, L., Esch, G. W., Holmes, J.C., Kuris, A.M., and Schad, G.A. 1982. The use of 
ecological terms in parasitology. J. Parasitol. 68: 131-133. (Report of an ad hoc 
committee of the American Society of Parasitologists.)
70
Meglitsch, P.A. 1960. Some coelozoic Myxosprorida from New Zealand fishes. Parti- 
Family Ceratomyxidae. Transactions of the Royal Society of N.Z. 88(2): 265- 
356.
Moravec, F. and Dykova, I. 1978. On the biology of the nematode Philometra obturans 
(Prenant, 1886) in the fishpond system of Macha Lake, Czechoslovakia. Folia 
Parasitological (praha) 25: 231-240.
Overstreet, R.M. 1978. Marine Maladies? Worms, Germs, and Other Symbionts from 
the Northern Gulf of Mexico. Mississippi-Alabama Sea Grant Consortium. 140
pp.
Panebianco, A. and Sebastio, C. 1988. Infestazione da Tetrarinchi e Acantocefali in 
Polyprion americanum; implicazionie d’ordine sanitario e ispettivo. Industrie 
Alimentari. 27: 970-973. (In Italian).
Rasheed, S. 1966. The nematodes of the genus Cucullanus Mueller, 1777, from the 
marine fish of Karachi coast. An. Esc. nac. Cienc. biol, Mex. 15:23-59.
Riser, N.W. 1950. Notes on toto-mount technique. Proc. Of the Helminthological 
Society of Washington. 7: 132-133.
Roberts, C.D. 1977. The wreckfish Polyprion americanus (Schneider, 1801) in Irish 
waters: an underwater sighting and review of the Irish records. Ir. Nat. J.
19(4): 108-112.
Roberts, C.D. 1986. Systematics of the percomorph fish genus Polyprion Oken, 1817. 
Unpubl. Ph.D. thesis, Victoria University of Wellington.
Roberts, C.D. 1989. Reproductive mode in the percomorph fish genus Polyprion Oken.
J. Fish Biol. 34:1-9.
Rohde, K. 1993. Ecology of Marine Parasites. CAB International, UK. 298 pp.
Ryall, PJ.C. and Hargrave, B.T. 1984. Attraction of the Atlantic wreckfish {Polyprion 
americanus) to an unbaited camera on the Mid-Atlantic Ridge. Deep-Sea Res. 
31(1): 79-83.
Salas, E.C.M. 1972. La ictiopatologia y su importante rol en la productividad pesquera. 
Ano de los Censos Nacionales. Universidad Nacional Federico Villarreal. Pp 36- 
39.
Schmidt, G.D. 1985. Development and Life Cycles of Acanthocephala. In: Biology of 
the Acanthocephala. Ed. By D.W.T. Crompton and B.B. Nickol. Cambridge 
University Press. Cambridge. Pp. 519.
71
Schroeder, W.C. 1930. A record of Polyprion americanus (Bloch and Schneider) from 
the Northwestern Atlantic. Copeia. 1930(2): 46-48.
Scott, J.S. 1969. Lampritrema nipponicum (Trematoda) from West Atlantic argentines. 
Can. J. Zool. 47: 139-140.
Sedberry, G.R., Ulrich, G.F., and Applegate, A.J. 1994. Development and status of the 
fishery for wreckfish, Polyprion americanus, in the western North Atlantic. Proc. 
Gulf and Caribbean Fisheries Institute. 43:168-192.
Sedberry, G.R. 1995. Aspects of the biology and management of wreckfish, Polyprion 
americanus, in the western North Atlantic. Pp. 105-116 in A.R. Lima (ed.), 13a 
Semana das Pescas dos A?ores, 15 a 21 Mar^o, Horta-Faial, Relatorio 1994. 
Portugal.
Sedberry, G.R., Carlin, J.L., Chapman, R.W., and Eleby, B. 1996. Population structure 
in the pan-oceanic wreckfish, Polyprion americanus (Teleostei: Polyprionidae), as 
indicated by mtDNA variation. J. Fish Biol. 49 (Supplement A): 318-329.
Sedberry, G.R., C.A.P. Andrade, J.L. Carlin, R.W. Chapman, B.E., Luckhurst, C.S. 
Manooch III, G. Menezes, B. Thomsen and G.F. Ulrich. In press. Wreckfish 
(Polyprion americanus) in the North Atlantic: fisheries, biology and management of 
a widely-distributed and long-lived fish. Chapter in: Musick, J.A. (ed.), Ecology 
and Conservation of Long-Lived Marine Animals. Amer. Fish. Soc. Spec. Publ.
Sinclair, N.R. and John, D.T. 1973. Hot water as a tool in mass field preparation of 
platyhelminthic parasites. J. Parasitol. 59: 935-936.
Sindermann, C.J. 1961a. Parasite tags for marine fish. J. Wildl. Manag. 25:41-47.
Sindermann, C.J. 1961b. Parasitological tags for redfish of the western North Atlantic. 
Int. Counc. Explor. Sea. 150: 111-117.
Sindermann, C.J. 1957. Diseases of fishes of the western North Atlantic. V. Parasites as 
indicators of herring movements. Res. Bull. Me. Dep. Sea Shore Fish. No. 27: 1- 
30.
Smith, J.L.B. and Smith, M.M. 1965. p. 198-199. In: The Sea Fishes of Southern Africa. 
Central News Agency, Ltd., South Africa. 580 pp.
Smith, J.W. 1983. Anisakis simplex (Rudolphi, 1809, det. Krabbe, 1878) (Nematoda: 
Ascaridoidea): Morphology and morphometry of larvae from euphausiids and 
fish and a review of the life-history and ecology. J. Helminth. 57: 205-224.
72
Smith, P.J. 1986. Genetic similarity between samples of the orange roughy, Hoplostethus 
atlanticus from the Tasman Sea, South-west Pacific Ocean and North-east Atlantic 
Ocean. Mar. Biol. 91: 173-180.
Stokes, M.E, Davis, C.S., and Koch, G.G. 1995. Categorical Data Analysis Using the 
SAS System. SAS Institute, Cary, NC. 499 pp.
Szuks, H. 1980. Die Verwendbarkeit von Parasiten zur Gruppentrennung beim
Grenadierfisch Macrourus rupestris. Angewandte Parasitologie. 21: 211-214. (In 
German).
Von Ihering, H., 1902. Die Helminthen als Hilfsmittel der zoogeographischen 
Forschung. Zool. Anz. 26: 42-51. (In German).
Wheeler, A.C. 1969. The Fishes of the British Isles and North-West Europe.
Macmillan, London.
Whitley, G.P. 1968. A check-list of the fishes recorded from the New Zealand region. 
Aust. Zool. 15:1-102.
Williams, E.H. Jr., & L. Bunkley. 1996. Parasites of Offshore Big Game Fishes of Puerto 
Rico and the Western Atlantic. Antillean College Press: Puerto Rico. Pp 382.
Williams, H.H., MacKenzie, K., and McCarthy, A.M. 1992. Parasites as biological 
indicators of the population biology, migrations, diet, and phylogenetics of fish. 
Reviews in Fish Biology and Fisheries. 2: 144-176.
Wright, S. 1943. Isolation by distance. Genetics. 28: 114-138.
Wyanski, D.M. 1994. The reproductive biology of wreckfish, Polyprion americanus, of 
the southeastern United States. Unpublished report, Marine Resources Monitoring, 
Assessment, and Prediction (MARMAP), South Carolina Department of Natural 
Resources.
Yamaguti, S. 1940. Studies on the Helminth Fauna of Japan Part 31. Trematodes of 
Fishes, Japanese Journal of Zoology. Volume IX No. 1. Pp. 100-103.
Yamaguti, S. 1961. Systema Helminthum. Volumes I-V. Interscience Publishers, Inc., 
New York.
Zubchenko, A.V. 1981. Parasitic fauna of some Macrouridae in the Northwest Atlantic.
J. Northwest Atlantic Fisheries Sci. 2: 67-72.
Zubchenko, A.V. 1984. Ecological peculiarities of the parasite fauna of some
Alepocephalidae . In: Ekologo-parazitologichesdie severnykh morei. pp. 77-81. 
Kolskii Filial Akad. Nauk SSSR, Apatity, U.S.S.R. (In Russian)
73
Zubchenko, A.V. 1985. Use of parasitological data in studies of local groupings of rock 
grenadier, Coryphaenoides rupestris Gunner. In: Parasitology and Pathology of 
Marine Organisms of the World Ocean, pp. 19-23. (Edited by W J. Hargis Jr.). 
NOAA Technical Report NMFS 25.
74
Vita
Colleen Jill Fennessy
Bom December 15, 1970 in Waterbury, Connecticut. Graduated from Bayview 
Secondary School in Richmond Hill, Ontario in June 1989. Graduated with honors from 
The University of Guelph in Guelph, Ontario, with a Bachelor’s Degree, Honors in 
Biological Science, Specialized in Marine Biology. Entered the School of Marine 
Science in August 1995
